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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the 
Weights and Measures Sectional Committee had been approved by the Production and General 
Engineering Division Council. 

This standard is taken for measuring the gas consumption at the bulk suppliers as well as at the users' 
end, when the gas is supplied through the pipelines. In order to meet the requirement of bulk supplier 
and large consumer, this standard has been formulated for accuracy of metering system and regulation 
of gas at different delivery point to fulfill the consumer satisfaction. This standard determines the flow by 
means of measurement of the differential pressure by orifice meter. The differential pressure is induced 
by the flow of gas through a thin plate with a sharp square-edge-opening which is circular and concentric 
with the pipeline. While measuring the flow rate, this standard indicates the differential pressure, gas 
temperature, pressure density, viscosity etc. 

In preparing the standard considerable assistance has been derived from the following publication: 

ISO 5167-2 : 2003 'Measurement of fluid flow by means of pressure differential devices inserted in 

circular-cross section conduits running full — Part 2 : Orifice plates' 
AGA 3 'American Gas Authority Report for Orifice Plate Meters' 

Wherever comma (,) has been given in a formula or table in between numerals, it should be read as 
decimal (.) mark. 

Annexes A, B are for information only. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the final 
value, observed or calculated expressing the result of a test or analysis, shall be rounded off in accordance 
with IS 2 : 1960 'Rules for rounding off numerical values {revisecf)\ The number of significant places 
retained in the rounded off value should be the same as that of the specified value in this standard. 



CONTENTS 



IS 15675 : 2006 



Title 

1 . Scope 

2. Reference 

3. Principle of the Method of Measurement and Computation 

4. Symbols/Nomenclature 

5. Descriptions and Requirements 

6. Meter Tube 

7. Materials 

8. Pressure Measurement 

9. Pressure Tappings 

1 0. Coefficients and Corresponding Uncertainties of Orifice Plates 

1 1 . Installation Requirements 

12. Flow Conditioners 

13. Marking 

Annex A Tables of Discharge Coefficients and Expansibility (Expansion) 
Factors 

Annex B Flow Conditioners 



Page 

1 

1 

1 

1 

2 

8 

8 

8 

10 

12 

15 

18 

25 

26 

37 



IS 15675 : 2006 



Indian Standard 

FLOW MEASUREMENT OF NATURAL GAS AND 
FLUIDS BY ORIFICE PLATE METERS 



1 SCOPE 

1.1 This standard specifies the geometry and 
method of use (installation and operating 
conditions) of orifice plates when they are inserted 
in a conduit running full to determine the flow rate 
of the fluid flowing in the conduit. This standard 
also provides background information for calculating 
the flow rate and is applicable in conjunction with 
the requirements. 

1 .2 This standard is applicable to primary devices 
having an orifice plate used with flange pressure 
tappings. Other pressure tappings such as vena 
contracta and pipe tappings used with orifice plates 
are not covered by this standard. This standard is 
applicable only to a flow which remains subsonic 
throughout the measuring section and where the 
fluid can be considered as single phase. It is not 
applicable to the measurement of pulsating flow. 
It does not cover the use of orifice plates in pipe 
sizes less than 50 mm or more than 1 000 mm, or 
for pipe Reynolds number below 5 000. 

1.3 This standard is used for custody transfer of 
natural gas and fluids. 

2 REFERENCE 

The following standard is indispensable for the 
application of this standard. For dated references, 
only the edition cited applies. For undated 
references, the latest edition of the referenced 
standard (including any amendment) applies. 

Standard No. Title 

ISO 5167-1 ;2003 Measurement of fluid flow by 
means of pressure differential 
devices inserted in circular- 
cross section conduits running 
full — Parti : General principles 
and requirements 

3 PRfNCIPLE OF THE METHOD OF 
MEASUREMENT AND COMPUTATION 

3.1 The principle of the method of measurement 
is based on the installation of an orifice plate into 
a pipeline in which a fluid is running full. The 
presence of the orifice plate causes a static 
pressure difference between the upstream and 



downstream sides of the plate. The mass flow rate, 
q^can be determined as follows: 

Qm= I J £^d^^2App, 

where p is the fluid density at the temperature and 
pressure for which volume is stated, 

3.2 The uncertainty limits can be calculated 
using the procedure given in 8 of ISO 5167-1. 
Computation of the mass flow rate, which is a 
purely arithmetic process, can be performed by 
replacing the different terms on the right hand side 
of the above equation by their numerical values. 

Similarly, the value of volume flow rate, q^ is 
calculated from: 

where p is the fluid density at the temperature and 
pressure for which the volume is stated. 

The coefficient of discharge, C, is dependent on 
the Reynolds number, R^, which is itself 
dependent on q^ and is to be obtained by iteration 
{see Annex A of ISO 5167-1) for guidance 
regarding the choice of the iteration procedure 
and initial estimates. 

3.3 The diameters d and D mentioned in the 
formula are the values of the diameters at working 
conditions. Measurements taken at any other 
conditions shall be corrected for any possible 
expansion or contraction of the orifice plate and 
the pipe due to the values of the temperature and 
pressure of the fluid during the measurement. 

It is necessary to know the density and the 
viscosity of the fluid at the working conditions. 
In the case of a compressible fluid, it is also 
necessary to know the isentropic exponent of 
the fluid at working conditions. 

4 SYMBOLS/NOMENCLATURE 

This standard reflects orifice meter application to 
fluid flow measurement with symbols in general 
technical use. Following symbols have been used 
in this standard. 
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Symbol 


Represented Quantity 


A 


: speed-of-sound 


C 


: orifice plate discliarge coefficient 


CAFT) 


: flange tap orifice plate discharge 




coefficient 


AC(^/)/c 


: percent difference between baseline 




C^ and installation effect C^ 


d 


: orifice plate bore diameter calculated 




at flowing temperature, 7j 


d^ 


: orifice plate bore diameter measured 




at temperature, 7"^ 


d. 


: orifice plate bore diameter calculated 




at reference temperature, T^ 


D 


: meter tube internal diameter 




calculated at flowing temperature, 7^ 


D 


: published meter tube internal pipe 




diameter 


DL 


: meter tube length downstream of 




orifice plate in multiple of published 




internal pipe diameters 


D^ 


: meter tube internal diameter 




measured at T 

m 


D 


: nominal pipe diameter 


D 


: metertube internal diameter calculated 




at reference temperature, 7, 


e 


: orifice plate bore thickness 


E 


: orifice plate thickness 


f 


: frequency 


°C 


: temperature in degrees Centigrade 


1 


: recommended length of gauge line 


NPS 


: nominal pipe size 


AP 


: orifice plate differential pressure 


APav, 


: average orifice plate differential 




pressure 


AP.S 


: root mean square of the fluctuating 




differential pressure 


^p. 


: instantaneous orifice plate 




differential pressure 


p. 


: static pressure of the fluid at the 




pressure tap 


OR 


: temperature in degrees Rankine 


Qv 


: volume flow rate 


0. 


: mass flow rate 


^a 


: absolute roughness average 


f?e 


: Reynolds number 


T, 


: temperature of fluid at flowing 




conditions 


7-. 


: temperature of the orifice plate and/ 




or meter tube at time of diameter 




measurements 


r 

r 


: reference temperature (45°C} of 



Symbol Represented Quantity 

orifice plate bore diameter and/or 
meter tube internal diameter 

UL^ : UL-UL, 

UL^ : meter tube length (UL) from flow 

conditioner exit to orifice plate in 
multiples of published internal pipe 
diameters 

a : linear coefficient of thermal 

expansion 

a^ : linear coefficient of thermal 

expansion of the orifice plate material 

0^ : linear coefficient of thermal expansion 

of the meter tube material 

P : ratio of orifice plate bore to meter 

tube internal diameter {d/D) 
calculated atf lowing temperature, Tj 

P„ : ratio of orifice plate bore to meter 

tube internal diameter {d/D ) 
calculated at temperature, T^ 

J3, : ratb of orifice plate bore to meter tube 

internal diameter {dJD) calculated at 
reference temperature, T, 

e : orifice plate bore eccentricity 

d : orifice plate bevel angle 

p : fluid density 

5 DESCRIPTIONS AND REQUIREMENTS 

The descriptions are given to emphasize the 
particular meaning of the terms as used in this 
standard. 

5.1 Orifice Plate 

The primary element is defined as the orifice plate, 
the orifice plate holder with its associated 
differential pressure sensing taps, the meter tube, 
and flow conditioner, if used. 

5.2 General 

The axial plane cross-section and symbols of a 
standard orifice plate is shown in Fig. 1 , 2, 3 and 4. 

Care shall be taken in the design of the orifice plate 
and its installation to ensure that plastic buckling 
and elastic deformation of the plate, due to the 
magnitude of the differential pressure or of any other 
stress, do not cause the slope of the straight line to 
exceed 1 percent under working conditions. 

5.3 General Shape 

The part of the plate inside the pipe shall be circular 
and concentric with the pipe centre line. The faces 
of the plate shall always be flat and parallel. 

The orifice plate is defined as a thin square-edged 
plate with a mechanical circular bore, concentric 
with the meter tube ID, when installed. 
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MARK OUTLET ON 
ORIFICE FITTING PLATES 



Fig. 1 Symbols for Orifice Plate Dimensions 



.ORIFICE PLATE OUTSIDE DIAMETER 



■ ^ PIPE INSIDE DIAMETER Dm 

I PARALLEL BAR 



ORIFICE BORE dm 




DEPARTURE FROM 
FLATNESS 
MAXIMUM ALLOWABLE DEPARTURE FROM FLATNESS- 005 (Dm-dm) 

Fig. 2 Orifice Plate Departure from Flatness 
(Measured at Edge of Orifice Bore and Within Inside Pipe Diameter) 



_ ORIFICE PLATE OUTSIDE DIAMETER 



. LENGTH OF PARALLEL BAR Dm 



hi 



Parallel BAR 



kyyyyy^y;>y/7 





PERPENDICULAR 
PaRRALLEL BAR(3) 

Fig. 3 Alternate Method for Determination of Orifice Plate Departure from Flatness 

(Departure from Flatness = \- /J,) 
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Fig. 4 Maximum Orifice Plate Departure from Flatness 



5.4 Orifice Plate Faces 

The upstream and downstream faces of the orifice 
plate shall be flat. Deviations from flatness on the 
orifice plate of less than or equal to 1 percent of 
dam height (that is, 0.025 mm per mm of dam 
height) under non-flowing conditions are allowed. 
The dam height can be calculated from the formula 
(D^ - d^)/2.This criterion forflatness applies to any 
two points on the orifice plate within the dimensions 
of the inside diameter of the pipe. The departure 
from flatness is illustrated in Fig. 1 , 2 and 3. 

The surface roughness of the upstream and 
downstream faces of the orifice plate shall +iave 
no abrasions or scratches visible to the naked eye 
that exceeds 1 .25 microns R^. 

The orifice plate surface roughness may be verified 
by using an eleotronic-averaging-type surface 
roughness instrument with a cutoff value of not less 
than 0.75 mm. Other surface roughness devices 
(for example, a visual comparator) are acceptable 
for determining orifice plate surface roughness, if 
the same repeatability and reproducibility as those 
of the electronic-averaging-type surface roughness 
instrument can be demonstrated. 

Due care shall be exercised to keep the plate clean 
and free from accumulation of dirt, ice, grit, grease, 
oil, free liquid and other extraneous materials, to 
the extent feasible, by instituting a regular 
inspection schedule (daily, weekly, monthly, 
quarterly, etc, depending on the service 
conditions). Damage and/or accumulation of 
extraneous materials on the orifice plate may result 
in a greater uncertainty for the orifice plate 
coefficient of discharge [C^ (FT)]. After any 
inspection of the plate, it shall be thoroughly 
cleaned (free from accumulations as stated 
above) prior to being placed back in service. 

5.5 Roughness Average (R^) 

The roughness average (RJ used in this standard 
is the arithmetic average of the absolute values of 
the measured profile height deviation taken within 



the sampling length and measured from the 
graphical centreline of the surface profile. 

5.6 Thickness £ and e 

The thickness e of the orifice shall be between 
0.Q05 D and 0.02 D. 

5.6.1 The difference between the values of 
e measured at any point on the orifice shall not be 
greater than 0.001 D. 

The thickness E of the plate shall be between e 
and O.OSD. 

However, when 50 mm < D < 64 mm, a thickness 
Eup to 3.2 mm is acceptable. 

If D> 200 mm, the difference between the values 
of £ measured at any point of the plate shall not be 
greater than 0.001 D. if D < 200 mm, the difference 
between the values of E measured at any point of 
the plate shall not be greater than 0.2 mm. 

5.6.2 The inside surface of the orifice plate bore 
shall be in the form of a constant-diameter cylinder 
having no defects, such as grooves, ridges, pits, 
or lumps, visible to the naked eyes. The length of 
the cylinder is the orifice plate bore thickness (e). 

The minimum allowable orifice plate bore 
thickness (e) isdefinedby e> 0.01 d^ ore > 0.125, 
whichever is larger. 

The maximum allowable value of the orifice plate 
bore thickness (e) is defined by e < 0.02D^ or 
e < 0.1 25d^ whichever is smaller, but e shall not 
be greater than the maximum allowable orifice 
plate thickness (£). 

5.6.3 The minimum, maximum, and recommended 
values of orifice plate thickness (£) for types 304 
and 316 stainless steel orifice plates are given in 
Table 1. 

5.6.4 Maximum allowable differential pressures for 
the recommended orifice plate thickness given in 
Tables are for operating temperatures not 
exceeding 65°C, the orifice plate and/or holding 
device manufacturer shall be contacted for specific 
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Table 1 Orifice Plate Thiclcness and l\Aaximum Allowable Differential Pressure 

Based on the Structural Limtt 

[Clauses 5.6.3, 5.6.5, 5.6.6 and 5.8) 



Nominal 

Pipe Size 

(NPS) 

mm 


Inside 

Pipe 

Diameter 

mm 


Orifice Plate Thickness, E 

mm 


Maximum Allowable AP 
(Water Column) 


Minimum 


Maximum 


Recommended 


Orifice Fitting 


Orifice Flange 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


50.80 


42.85 


2.92 


3.30 


3.T8 


1 000 


1 000 




49.25 


2.92 


3.30 


3.18 


1000 


1 000 




52.50 


2.92 


3.30 


3.18 


1000 


1 000 


76.20 


58.42 


2.92 


3.30 


3.18 


1000 


1 000 




66.65 


2.92 


3.30 


3.18 


1000 


1000 




73.66 


2.92 


3.30 


3.18 


1 000 


1 000 




77.93 


2.92 


3.30 


3.18 


1 000 


1000 


101.60 


80.06 


2.92 


3.30 


3.18 


1000 


1 000 




87.33 


2.92 


3.30 


3.18 


1 000 


1 000 




97.18 


2.92 


3.30 


3.18 


1 000 


1 000 




102.26 


2,92 


3.30 


3.18 


1 000 


1 000 


152.40 


124.38 


2.92 


4.14 


3.18 


345 


1000 




131.75 


2.92 


4.14 


3.18 


345 


1 000 




146.33 


2.92 


4.88 


3.18 


345 


1 000 




154.05 


2.92 


4.88 


3.18 


345 


1 000 


203.20 


193.68 


2.92 


6.45 


6.35 


1 000 


1 000 




202.72 


2.92 


8.10 


6.35 


1 000 


1 000 




205.00 


2,92 


8.10 


6.35 


1 000 


1000 


254.00 


242.87 


2.92 


8.10 


6.35 


570 


1 000 




254.51 


2.92 


8.10 


6.35 


570 


1 000 




257.45 


2.92 


8.10 


6.35 


570 


1 000 


304.80 


288.90 


4.45 


9.63 


6.35 


285 


1 000 




303.23 


4.45 


10.11 


6.35 


285 


1000 




307.09 


4.45 


10.11 


6.35 


285 


1 000 


406.40 


373.08 


4.45 


12.45 


9.53 


465 


1 000 




381.00 


4.45 


12.70 


9.53 


465 


1 000 




381.64 


4.45 


12.70 


9.53 


465 


1 000 



NOTES 

1 Maximum allowable differential pressure Is limited to 1 000 min of water column wiiicti is tiie limit of the coefficient of 
discharge database. 

2 Maximum allowable differential pressure is calculated for worst-case diameter ratio (typically /3 = 0.55-0,65). 

3 The maximum differential pressure applies to stainless steel plates at a maximum temperature of 65°C. and for the 
recommended plate thicl<ness. 

4 For single-or dual-chamber fittings, the orifice plate seal ring was assumed to deflect under symmetric conditions 
without plastic deformation. As such, the effect on the seal ring was not investigated. 

5 Especially at very high differential pressures, the user should carefully consider the associated thermodynamic effects, 
such as temperature change resulting from the Joule-Thompson effect as the stream passes through the orifice, and the 
limits on APLPf, in particular, at low pressures. The sudden reduction of pressure will result in teniperature and density 
changes. 
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information on deflection for a given diameter ratio, 
temperature, orifice plate material, orifice plate 
holder, and differential pressure. 

5.6.5 The use of an orifice plate thickness other 
than the recommended thickness is acceptable in 
either new or existing orifice plate holding devices 
as long as the thickness is within the maximum 
and minimum range shown in Table 1; and the 
orifice plate eccentricity, bore thickness, differential 
pressure tap hole, and expansion-factor (see Table 2) 
pressure-ratio tolerances and limits are satisfied. 

Table 2 Linear Coefficient of 
Thermal Expansion 



SI 
No. 


Material 


Linear Coefficient of 
Thermal Expansion (a) 

mm/mm °C 


(1) 


(2) 


(3) 


i) 

ii) 
iii) 


Type 304 and 316 
stainless steel 
Monel 
Carbon Steel 


0.000 422 91 

0.000 363 474 
0.000 283 464 



NOTE — Temperature conditions other than those stated in 
refer to the American Society for Metals, Metals Handbook. 

5.6.6 For incompressible fluids, the maximum 
differential pressure across the plate is limited by 
the structural integrity of the fitting design. The 
maximum differential pressure shall be limited to 
those shown in Table 1 . If the maximum differential 
pressure is to exceed the limits specified, the 
manufacturer shall be consulted for allowable 
maximum pressure for the fitting design. In 
addition, the flowirrg conditions downstream of the 
orrficB plate must remain above the local vapour 
pressure of the flowing fluid. 

5.6.7 Orifice fitting manufacturers shall be 
consulted to determine the maximum allowable 
differential pressure during the chancing of orifice 
plates under flowing conditions. The high forces 
associated with using high differential pressures may 
make it difficult to remove the plate, and may possible 
result in damage to the orifice plate or fitting. 

5.6.8 The use of high differential pressures 
(AP/APj > 18 mm of water-column where the AP) 
is in cm of water at 50°C and P, is, in mm of water- 
column will result in expansion factor uncertainties 
in excess of 0.1 percent. 

5.6.9 Operators shall be aware, for a given orifice 
plate size, that when there is a wide swing from 
high to low flows, significant measurement errors 
will occur during the low-flow period if the orifice 
plate remains unchanged. Generally, operation 
between 1 percent to 90 percent of the calibrated 



differential span is considered good practice. 
Rangeability can also be increased using today's 
digital (electronic) transmitters. The effects on the 
accuracy of transducers and/or transmitters used 
for wide range shall be evaluated versus savings 
on installation cost. 

5.6.10 For the full range of orifice plate thickness, 
the maximum allowable orifice plate differential 
pressure can be obtained. 

Higher differential pressures will result in higher 
meter-run gas velocities and higher permanent 
pressure losses, it is recommended that the gas 
velocities be evaluated on an individual installation 
basis for such thjngs as noise, erosion, and thermo 
well vibration. The meter run velocity is dependent 
on several different factors, and each individual 
user will have different practices and limits on 
velocity. 

5.6.11 When the orifice plate thickness (£) exceeds 
the orifice bore thickness (e), a bevel is required on 
the downstream side of the orifice bore. 

NOTE — Existing orifice plates, whosfredge thici<ness meets 
the value defined by e < 0.033D„, need not to be rebeveled 
unless reconditioning is required for other reasons. 

For ease in machining, the next smaller values of 
e are 0.8 mm may be used. 

5.6.12 Orifice plate bored that demonstrate any 
convergence from inlet to outlet are unacceptable. 
Bi-directional flow through an orifice plate with bore 
thickness (e) that exceeds the limits specified in 
this table is outside of the scope of this standard. 

5.7 Angle of Bevel, a {see Fig. 1) 

If the thickness Eof the plate exceeds the thickness 
e of the orifice, the plate shall be beveled on the 
downstream side. The beveled surface shall be well 
finished. The angle of bevel a shall be 45° ± 15°. 

5.8 Orifice Plate Bore Diameter (cf, d^, d^) 

The calculated orifice plate bore diameter (d) is 
the internal diameter of the orifice plate measuring 
aperture (bore) computed at flowing temperature 
(7,). The calculated orifice plate bore diameter (d) 
is used in the flow equation for the determination 
of flow rate. The diameter (d) shall in all cases be 
greater than or equal to 12.5 mm. The diameter 
ratio,d/D shall be always greater than or equal 
to 0.10 and less than equal to 0.75. 

The measured orifice plate bore diameter (dj is 
the measured internal diameter of the orifice plate 
measuring aperture at the temperature of the 
orifice plate {TJ at the time of bore diameter 
measurements. 
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The reference orifice plate bore diameter {d,) is 
the internal dianneter of the orifice plate measuring 
aperture at reference temperature (7^), calculated 
the reference orifice plate bore diameter is the 
certified or stamped orifice plate bore diameter. 

The measured orifice bore diameter (d^j^) is defined 
as the mean (arithmetic average) of four or more 
evenly spaced diameter measurements of the inlet 
edge. None of the four or more diameter 
measurements may vary from the mean value by 
more than the tolerances given in Table 3. 

Table 3 Roundness Tolerance for Orifice 
Plate Bore Diameter, d^ 

{Clauses 5.6A and 5.8) 



SI 
No. 


Orifice Bore Diameter 

mm 


Tolerance 

±mm 


(1) 


(2) 


(3) 


i) 
ii) 
iii) 
iv) 

V) 

vi) 
vii) 
viii) 


<6.35" 

6.375 4-9.525" 
9.550 4-12:7" 
12.725 4-15.875 
15.500 4-19.05 
19.075 4-?? 225 
22.250 4-25.4 
>25.4 


0.007 62 
0.010 16 

0.012 7 

0.012 7 

0.012 7 

0.012 7 

0.012 7 

0.012 7 mm 
per mm of diameter 



'' Use of diameters below 11. 43 mm is not proiiiblted, but 
may results in uncertainties greater value. 

The minimum, maximum, and recommended values 
of orifice plate thickness (E) for types 304 and 316 
stainless steel orifice plates are given in Table 1 . 

Maximum allowable differential pressures for the 
recommended orifice plate thickness given in 
Table 1 are for operating temperatures not 
exceeding 65°C, the orifice plate and/or holding 
device manufacturer shall be contacted for specific 
information on deflection for a given diameter ratio, 
temperature, orifice plate material. Orifice plate 
holder, and differential pressure. 

The use of an orifice plate thickness other than 
the recommended thickness is acceptable in either 
new or existing orifice plate holding devices as long 
as the thickness is within the maximum and 
minimum range shown in Table 1; and the orifice 
plate eccentricity, bore thickness, differential 
pressure tap hole, and expansion-factor pressure- 
ratio tolerances and limits are satisfied. 

For incompressible fluids, the maximum differential 
pressure across the plate is limited by the structural 
integrity of the fitting design. The maximum 
differential pressure shall be limited to those shown 
in Table 1 . if the maximum differential pressure is to 



exceed the limits specified, the manufacturer shall 
be consulted for allowable maximum pressure for 
the fitting design. In addition, the flowing conditions 
downstream of the orifice plate must remain above 
the local vapour pressure of the flowing fluid. 

Orifice fitting manufacturers shall be consulted to 
determine the maximum allowable differential 
pressure during the changing of orifice plates under 
flowing conditions. The high forces associated with 
using high differential pressures may make it difficult 
to remove the plate, and may possible result in 
damage to the orifice plate or fitting. 

The use of high differential pressures (AP/AP, > 18 mm 
of water-column, where the AP Is in mm of water 
at 20°C and P, is in kg/m) will result in expansion 
factor uncertainties in excess of 0.1 percent. 

Operators shall be aware, for a given orifice plate 
size, that when there is a wide swing from high to 
low flows, significant measurement errors will 
occur during the low-flow period if the orifice plate 
remains unchanged. Generally, operation between 
10 percent to 90 percent of the calibrated 
differential span is considered good practice. 
Rangeability can also be increased using today's 
digital (electronic) transmitters. The effects on the 
accuracy of transducers and/or transmitters used 
for wide range shall be evaluated versus savings 
on installation cost. 

For the full range of orifice plate thickness, the 
maximum allowable orifice plate differential 
pressure can be applicable. 

It is recommended that the gas velocities be 
evaluated on an individual installation basis for such 
things as noise, erosion, and thermowell vibration. 
The meter-run velocity is dependent on several 
different factors, and each individual user will have 
different practices and limits on velocity. Therefore, 
the allowable maximum differential pressures, do not 
consider meter-run gas velocity. Higher differential 
pressures will result in higher meter-run gas velocities 
and higher permanent pressure losses. 

5.9 Orifice Plate Bore Edge 

The upstream edge of the orifice plate bore shall 
be square and sharp. The orifice plate bore edge 
is considered too dull for accurate flow 
measurement if the upstream edge reflects a beam 
of light when viewed without magnification or if the 
upstream edge shows a beam of light when 
checked with an orifice edge gauge. 

5.10 Orifice Plate Holder 

The orifice plate holder is defined as a pressure 
containing piping element, such as a set of orifice 
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flanges or an orifice fitting, used to contain and 
position the orifice plate in tfie piping system. 

6 METER TUBE 

The meter tube is defined as the straight section 
of pipe, including ail segments that are integral to 
the orifice plate holder, upstream and downstream 
of the orifice plate. 

6.1 Meter Tube Internal Diameter (D, D.^, D^, D^) 

The calculated meter tube internal diameter (D) is 
the inside diameter of the upstream section of the 
metertube computed at flowing temperature (T,) The 
calculated meter tube internal diameter (D) is used 
in the diameter ratio and Reynolds number equations. 

The measured meter tube internal diameter (D^) 
is the average inside diameter of the upstream 
section of the meter tube measured 25 mm 
upstream of the adjacent face of the orifice plate 
and at the temperature of the meter tube (7J at 
the time of internal diameter measurements. 

The reference metertube internal diameter (D^) is 
the Inside diameter of the upstream section of the 
metertube calculated at the reference temperature 
(7^). The reference metertube internal diameter is 
the certified meter tube internal diameter. 

The upstream anddownstream edges of the orifice 
plate bore shall be free from defects visible to the 
naked eye, such .as flat spots, feathered texture, 
roughness, burrs, bumps, nicks, and notches. 

If there is any doubt about whether the edge has 
sufficient quality for accurate metering, the orifice 
plate shall be replaced. 

The orifice plate temperature shall be recorded at 
the time the bore diameter measurements are 
made. These measurements shall be made under 
thermally stable conditions; that is diameter at 
reference temperature (7^) and can be determined 
using the following equation: 

where 

a, = linear coefficient of thermal expansion for 
the orifice plate material (see Table 2), 

d, = orifice plate bore diameter calculated at 
reference temperature (7^), 

cf = orifice plate bore diameter measured at 7 , 

7^ = temperature of the orifice plate at time of 
diameter measurements, and 

7 = reference temperature of the orifice plate 
bore diameter. 

NOTE — a^T^ and T^ shall be in consistent units. For the 
purpose of this standard 7, is assumed to be ambient 
temperature. 



The orifice plate bore in diameter (c(.) calculated 
at 7^ is the reference diameter used to calculate 
the bore diameter {d) at flowing conditions. 

6.2 Diameter Ratio (j3, J3„, )?,) 

The diameter ratio (j3) is defined as the calculated 
orifice plate bore diameter (d) divided by the 
calculated meter tube internal diameter (D). 

The diameter ratio (j3^) is defined as the measured 
orifice plate bore diameter (c/J divided by the 
measured metertube internal diameter (D^). 

The diameter ratio (J3^) is defined as the reference 
orifice plate bore diameter [d) divided by the 
reference meter tube internal diameter (D^). 

7 MATERIALS 

7.1 The materials employed for gas metering 
installation shall be capable of withstanding the 
gas composition under the all conditions that may 
be experienced over the lifetime of the metering. 

7.2 Any meter tube pipe not exceeding 600 mm 
diameter shall be seamless wherever possible. 
Above this size, longitudinally S.A.W. (submerged 
arc welded) pipe shall be used. 

7.3 The pipe shall be inspected internally to 
ensure that it complies to the dimensional and 
surface finish tolerances specified in AGA 3. 

7.4 Flanges shall be manufactured form forged 
steel. The flanges in the vicinity of the orifice plate 
shall be match-bored to the pipe and also dwelled/ 
retained in such a manner that there is no internal 
step in the meter tube. 

7.5 On orifice fittings, the internal diameter, 
surface finish, concentricity and position and 
condition of the pressure lap holes shall be 
carefully manufactured and inspected to ISO/AGA 
or an equivalent standard. 

7.6 The orifice plate shall be manufactured from 
stainless steel plate. The petrology of the plate 
should meet the requirements of AGA 3. The plate 
may be manufactured from any material and in 
any way provided that it is remains in accordance 
with the forging description during the flow 
measurement. 

8 PRESSURE MEASUREMENT 
8.1 Tap Hole 

A tap hole is a hole drilled radially in the wall of the 
meter tube or through the orifice fitting and 
perpendicular to the centreline of the meter tube 
or orifice plate holder, the inside edge of which is 
flush and without any burrs. 



1815675:2006 



8.2 Flange Taps 

Flange taps are a pair of tap holes positioned as 

follows: 

a) Upstream tap centre is located 25.4 mm 
upstream of the nearest plate face; 

b) Downstream tap centre is located 25.4 mm 
downstream of the nearest plate face; and 

c) Upstream and downstream taps must be 
in the same radial position. 

8.3 Dffferential Pressure (AP, AP^^g, AP^^^, APj) 

The differential pressure (AP) Is the static pressure 
difference measured between the upstream and 
the downstream flange taps. 

The average differential pressure (AP^^^g) is a time 
mean of the static pressure difference measured 
between the upstream and the downstream flange 
taps. 

The instantaneous differential pressure (AP,) is a 
single measurement of APat any instance in time. 

The root mean square differential pressure(AP|.^3) 
is the square root of the sum of squares of the 
difference between the instantaneous differential 
pressure (AP,) and the time mean differential (AP^^g). 

8.4 Permanent Pressure Drop 

The permanent pressure drop is significant 
because the energy has been lost to transport the 
fluid through the pipeline. Approximate values of 
the permanent pressure loss AP versus p ratio for 
the concentric, square-edged, flange tapped orfice 
meter are given below: 



p 


Losses as a percent ofAP 


0.20 


95 


0.30 


90 


0.40 


85 


0.50 


75 


0.60 


65 


0.70 


50 


0.75 


45 



Example: 

If the user chooses to use a j3 of 0.30 at AP 
of 10 000 mm of water column then the permanent 
pressure loss would be approximately 90 percent 
of 10 000 mm of water column which is about 
9 000 mm of water column (about 90 kPa). 

If the user chooses to use a J3 of 0.50 at AP of 
2 500 mm of water column, then the permanent 
pressure loss would be approximately 75 percent 
of 2 500 mm of water column, which is about 
1 875 mm of water column (about 90 kPa). 



8.5 Temperature Measurement (7,, T^, T^) 

The temperature ( T,) is the flowing fluid temperature 
measured at the designated location. 

In flow measurement, the temperature sensing 
device is inserted in the flowing stream to obtain 
the flowing temperature. However, if the fluid velocity 
is higher than 25 percent of the fluid sound speed 
at the point of measurement, corrections for the 
increase in temperature due to dynamic effects will 
have to be applied. Care shall be taken to ensure 
that the temperature sensing elements are coupled 
to the flowing stream and not to the steel in the metal 
tube. This practice is recommended for all orifice 
meter installations. The sensed temperature is 
assumed to be static temperature of the flowing fluid. 

The temperature (TJ is the measured temperature 
of the orifice plate and/or the meter tube at the 
time of the diameter measurements. 

The temperature {T) is the reference temperature 
used to determine the reference orifice plate bore 
diameter {d^) and/or the reference internal meter tube 
diameter (D^). 

Maximum departure _ [^3 +^4] -[^1+^2] 
from flatness 2 

An estimation of suitable sharpness can be made 
by comparing the orifice plate bore edge with fhe 
bore edge of a properly sharp reference orifice plate 
of the same nominal diameter. The orifice plate bore 
edge being evaluated should feel and look the same 
as the edge of the reference orifice plate. 

8.6 Bi-directional Plates 

8.6.1 if the orifice plate is intended to be used for 
measuring reverse flows, the following requirements 
shall be ensured: 

a) plate shall not be bevelled; 

b) two faces shall comply with the 
specifications for the upstream face; 

c) thickness Eof the plate shall be equal to 
the thickness eof the orifice consequently, 
it may be necessary to limit the differential 
pressure to prevent plate distortion; and 

d) two edges of the orifice shall comply with 
the specifications for the upstream edge. 

8.6.2 For orifice plates with D and D/2 tappings, 
two sets of upstream and downstream pressure 
taps shall be provided and used according to the 
direction of the flow. 

8.6.3 Material and Manufacture 

The plate may be manufactured from any material 
and in any way, provided that it Is and remains in 
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accordance with the foregoing description during 
the flow measurements. 

9 PRESSURE TAPPINGS 

9.1 General 

For each orifice plate, at least one upstream 
pressure tapping and one downstream pressure 
tapping shall be installed in one or other of the 
standard locations, that is as Dand D/2, flange or 
corner tappings. 

A single orifice plate may be used with several sets 
of pressure tappings suitable for different types of 
standard orifice meters, but to avoid mutual 
interference, several tappings on the same side of 
the orifice plate shall be offset by at least 30° 

The location of the pressure tappings characterizes 
the type of standard orifice meter. 

9.2 Orifice Plate with D and D/2 Tappings or 
Flange Tappings 

9.2.1 The spacing of a pressure tapping is the 
distance between the centreline of the pressure 
tapping and the plane of a specified face of the 
orifice plate. When installing the pressure tappings, 
due account shall be taken of the thickness of the 
gaskets and/or sealing material. 

9.2.2 For orifice plates with D and D/2 tappings 
(see Fig. 3), the spacing /^ of the upstream 
pressure tapping is nominally equal to D, but may 
be between 0.9D and 1.1 D without altering the 
discharge coefficient. 



The spacing 4 of the downstream pressure tapping 
is nominally equal to 0.5D but may be between 
the following values without altering the discharge 
coefficient: 

a) between 0.48Dand 0.52Dwhen j3 < 0.6; and 

b) between 0.49D and 0.51 D when j8 > 0.6. 

Both /^ and ^ spacings are measured from the 
upstream face of the orifice plate. 

For orifice plates with flange tappings (see Fig. 5), 
the spacing /^ of the upstream pressure tapping is 
nominally 25.4 mm and is measured from the 
upstream face of the orifice plate. 

The spacing 4 of the downstream pressure tapping 
is nominally 25.4 mm and is measured from the 
downstream face of the orifice plate. 

These upstream and downstream spacings /, and 
1^ may be within the following ranges without 
altering the discharge coefficient: 

a) 25.4 mm: ± 0.5 mm when j3> 0.6 and 
D< 150 mm; and 

b) 25.4 mm: t± mm in all other cases, that is, 
/3<0.6,or/3 >0.6 but 150 mm <D <1 000 mm. 

The centreline of the tapping shall meet the pipe 
centreline at an angle as near to 90° as possible, 
but in every case within 3° of the perpendicular. 

At the point of break-through, the hole shall be 
circular. The edges shall be flush with the internal 
surface of the pipe wall and as sharp as possible. 
To ensure the elimination of all burrs or wire edges 







KEY 

1 

2 



D and D/2 pressure tappings 
flange tappings; 
a = direction of fiow 
£» =/, = D±0.1D 
c =/j = 0.5D±0.2DforP<0.6 
0.5D±0.1Dfor/3>0.6 



jO 



I 






Ep 



—ii 




d = ;,= /j = (25.4 ± 0.5) mm for j3 > 0.6 and 

D< 150 mm 
= (25.4 ±1) mm for /3^ 0.6 
= (25.4 ± 1) mm for /3 > 0.6 and 150 mm 

< D < 1 000 mm 



Fig. 5 Spacing of Pressure Tapping for Orifice Plate with D and D/2 
Tapping or Flange Tappings 
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at the inner edge, rounding is permitted but shall 
be kept as small as possible and, where it can be 
measured, its radius shall be less than one-tenth 
of the pressure tapping diameter. No irregularity 
shall appear inside the connecting hole, on the 
edges of the hole drilled in the pipe wall or on the 
pipe wall close to the pressure tapping. 

Conformity of the pressure tappings with the 
requirements specified at above and may be 
judged by visual inspection. 

The diameter of pressure tappings shall be less 
than 0. 1 3D and less than 1 3 mm. 

No restriction is placed on the minimum diameter, 
which is determined in practice by the need to 
prevent accidental blockage and to give satisfactory 
dynamic performance. The upstream and 
downstream tappings shall have the same diameter. 

The pressure tappings shall be circular and 
cylindrical over a length of at least 2.5 times the 
internal diameter of the tapping, measured from 
the inner wall of the pipeline. 



The centrelines of the pressure tappings may be 
located in any axial plane of the pipeline. 

The axis of the upstream tapping and that of the 
downstream tapping may be located in different 
axial planes, but are normally located in the same 
axial plane. 

9.3 Orifice Plate with Corner Tappings 

9.3.1 The spacing between the centrelines of the 
tappings and the respective faces of the plate is 
equal to half the diameter or to half the width of 
the tappings themselves, so that the tapping holes 
break through the wall flush with the faces of the 
plate. 

9.3.2 The pressure tappings may be either single 
tappings or annular slots. Both types of tappings 
may be located either in the pipe or its flanges or 
in carrier rings as shown in Fig. 6. 

The diameter a of a single tapping and the width a 
of annular slots are specified below. The minimum 
diameter is determined in practice by the need to 
prevent accidental blockage and to give satisfactory 




KEY 

1 — carrier ring with annular slot 

2 — individual tappings 

3 — pressure tappings 

4 — carrier ring 

5 — orifice plate 

X = direction of flow 

f = thicitness of the slot 

c = length of upstream ring 

C = length of the downstream ring 

b = diameter of the carrier ring 

a = width of annular slot or diameter of 

single tapping 
s = distance from upstream step to carrier 

ring 
g.h= dimensions of the annular chamber 
07 = chamber tapping diameter 



Fig. 6 Corner Tappings 
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dynamic performance. For clean fluids and 
vapours: 

a) for J3 < 0.65 : 0.005D > a < 0.03D; and 

b) fori3>0.65:0.01D<a<0.02D. 

If D < 100 mm, a value of a up to 2 mm is 
acceptable for any j3. 

For any values of |3 : 

a) for clean fluids: 1 mm<a< 10 mm; 

b) for vapours, in the case of annular 
chambers: 1 mm < a< 10 mm; and 

c) for vapours and for liquefied gases, in the 
case of single tappings: 4 mm < a < 1 mm. 

The annular slots usually break through the pipe 
over the entire perimeter, with no break in 
continuity. If not, each annular chamber shall 
connect with the inside of the pipe by at least four 
openings, the axes of which are at equal angles 
to one another and the individual openiag area of 
which is at least 12 m^. 

If individual pressure tappings, as shown in Fig. 4, 
are used, the centreline of the tappings shall meet 
the centreline of the pipe at an angle as near to 
90" as possible. 

If there are several individual pressure tappings in 
the same upstream or downstream plane, their 
centrelines shall form equal angles with each other. 

The pressure tappings shall be circular and 
cylindrical over a length of at least 2, 5 times the 
internal diameter of the tappings measured from 
the Inner wall of the pipeline. 

The upstream and downstream pressure tappings 
shall have the same diameter. 

The internal diameter b of the carrier rings shall 
be greater than or equal to the diameter D of the 
pipe, to ensure that they. do not protrude into the 
pipe, but shall be less than or equal to 1.04D. 
Moreover, the following condition shall be met 

fo-D c ... 0.1 

X— x100< T 

D D 0.1 + 2.3/?" 

The lengths c and c' of the upstream and 
downstream rings {see Fig. 6) shall not be greater 
than 0.5D. 

The thickness f of the slot shall be greater than or 
equal to twice the width of the annular slot. The 
area of the cross-section of the annular chamber, 
g^, shall be greater than or equal to half the total 
area of the opening connecting this chamber to 
the inside of the pipe. 

All surfaces of the ring that are in contact with the 



measured fluid shall be clean and shall have a 
well-machined finish. The surface finish shall meet 
the pipe roughness requirements. 

The pressure tappings connecting the annular 
chambers to the secondary devices are pipe-wall 
tappings, circular at the point of break-through and 
with a diameter /between 4 mm and 10 mm. 

The upstream and downstream carrier rings need 
not necessarily be symmetrical in relation to each 
other, but they shall both conform with the preceding 
requirements. 

The diameter of the pipe shall be measured, the 
carrier ring being regarded as part of the primary 
device. This also applies to the distance s shall be 
measured from the upstream edge of the recess 
formed by the carrier ring. 

10 COEFFICIENTS AND CORRESPONDING 
UNCERTAINTIES OF ORIFICE PLATES 

10.1 Limits of Use 

Standard orifice plates shall only be used in 
accordance with ISO 5167-1 under the following 
conditions. 

For orifice plates with corner or with D and D/2 
pressure tappings: 

a) d> 12.5 mm; 

b) 50 mm < D < 1 000 mm; 

c) 0.1 <j3< 0.75; 

d) Re^ < 5 000 for 0. 1 < /3 < 0.56; and 

e) fle^j > 1 6 000 j3Mor ^3 > 0.56. 

For orifice plates with flange tappings: 

a) d> 12.5 mm; 

b) 50 mm < D < 1 000 mm; and 

c) 0.1 <i8< 0.75. 

Both ReQ> 5 000 and Re^ >MOP^D 

where D is expressed in millimetres. 

The pipe internal roughness shall satisfy the 
following specification if the uncertainty values in 
this part of ISO 5167-1 are to be met, L^. the value 
of the arithmetical mean deviation of the roughness 
profile, f?3, shall be such that lO'^RJD is less than 
the maximum value given in Table 4 and greater 
than the minimum value given in Table 5. The 
discharge coefficient equation was determined from 
a database collected using pipes whose roughness 
is known; the limits on RJD were determined so 
that the shift in discharge coefficient due to using a 
pipe of a different roughness should not be so great 
that the uncertainty value. Information regarding 
pipe roughness may be found of ISO 51 67-1 . 



12 



IS i 5675 : 2006 



Table 4 Maximum Value of 10^ R^/D 

{Clause ^Q.^) 



SI 
No. 


/? 


RJD 


10* 


3x10' 


10' 


3x10' 


10' 


3x10' 


10' 


3x10' 


10' 


(t) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


i) 


0.20 


15 


15 


15 


15 


15 


15 


15 


15 


15 


ii) 


0.30 


15 


15 


15 


15 


15 


15 


15 


14 


13 


iii) 


0.40 


15 


15 


10 


7.2 


5.2 


4.1 


3.5 


3.1 


2.7 


iv) 


0.50 


11 


7.7 


4.9 


3.3 


2.2 


1.6 


1.3 


1.1 


0.9 


V) 


0.60 


5.6 


4.0 


2.5 


1,6 


1.0 


0.7 


0.6 


0.5 


0.4 


vi) 


0.65 


4.2 


3.0 


1.9 


1.2 


0.8 


0.6 


0.4 


0.3 


0.3 



Table 5 Minimum Value of WRJD (where One is Required) 

{Clause 10 A) 



SI 
No. 


fl 


RJD 


<3x10' 


10' 


3x10' 


10' 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


i) 


SO.50 


0.0 


0.0 


0.0 


0.0 


ii) 


0.60 


0.0 


0.0 


0.003 


0.004 


Iii) 


>0.65 


0.0 


0.013 


0.016 


0.012 



The roughness requirements relate to the orifice 
fitting and the upstream pipe wori<.The downstream 
roughness is not as critical. 

For example, the requirements of this section are 
satisfied in either of the following cases: 

1 \im<R^<6\im, D> 150 mm, j3: <0.6 and 

Re^<5x 10^; and 

1 Mm< Rg<6pm, D>150 mm, i3: < 0.6 and 

Re^<5xW. 

where D is less than 150 mm, it is necessary to 
calculate the maximum and minimum values of 
flg by using Tables 6 and 7. 

10.2 Coefficients 

10.2.1 Discharge Coefficient, C 

The discharge coefficient, C, is given by the 
Reader-Harris/Gallagher (1998) equation: 

C = 0.596 1 + 0.026 1/?' - 0.21 6y9' 

'lo^r 



+(0.043 + 0.080©"'°'' - 0. 1 238'"''^ ) 

(1-0.1 1A)^—^ - 0.031 {M'^ - 0.8M^'')/J''^ 

where D < 71 , 1 2 mm, the following term shall be 
added to Equation: 

D 
25.4 



+0.011(0.75-;S) 2,S 



+0.000 521 



+(0.018 8 + 0.006 3/A)ye' 



10^ 



In these equations 

B {=dlD) — diameter ratio, with the diameters d 
and D expressed in millimetres; 

Re^ — Reynolds number calculated with 
respect to D; 

L^{=l^/D) — quotient of the distance of the 
upstream tapping from the 
upstream face of the plate and the 
pipe diameter; and 

L'^{=r^D) — quotient of the distance of 
the downstream tapping from the 
downstream face of the plate and 
the pipe diameter (Lg denotes the 
reference of the downstream 
spacing from the downstream face, 
while Lg would denote the 
reference of the downstream 
spacing from the upstream face). 
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M' = 



A^ 



_2Z4_ 
1-/? 

f19000£^°•' 
He. 



The values of L^ and L'^ to be used in this equation, 
when the spacings are in accordance with the 
requirements of 5.2.2.2, 5.2.2.3 or 5.2.3 are as 

follows: 

— for corner tappings: 

— for D and D/2 tappings: 

L>0.47 

— for flange tappings: 

'2 D 

where D is expressed in millimetres. 

The Reader-Harris/Gallagher (1998) equation, is 
only valid for tapping arrangements. In particular, 
it is not permitted to enter into the pairs of values 
L^ and L^ which do not match one of the three 
standardized tapping arrangements. 

The uncertainties are only valid when the 
measurement meets all the limits of use and the 
general installation requirements specified in 6 and 
in ISO 5167-1. 

Values of C as a function of j3, Re^ and D. These 
values are not intended for precise interpolation. 
Extrapolation is not permitted. 

10.2.2 Expansibility (Expansion) Factor 

For the three types of tapping arrangement, the 
empirical formula [e] for computing the expansibility 
(expansion) factor, e, is as follows: 



e = 1 - (0.351 + 0.256/3* + 0.93;3^ ) 



1 



Equation is applicable only within the range of the 
limits of use. 

Test results for the determination of e are only 
known for air, steam and natural gas. However, 
there is known objection for other gases and 
vapours of which the isentropic exponent is known. 

Nonetheless, Equation is applicable only if 
p^/p, > 0.75. 

Values of the expansibility (expansion) factor as a 
function of the isentropic exponent, the pressure ratio 
and the diameter ratio are given for convenience in 
Table 19, These values are not intended for precise 
interpolation. Extrapolation is not permitted. 



10.3 Uncertainties 

10.3.1 Uncertainty of Disciiarge Coefficient, C 

For all three types of tappings, when /3 D, Re^ and 
RJD are assumed to be known without error, the 
relative uncertainty of the value of Cis equal to: 

a) (0.7 - J3) percent for 0.1 < /3 < 0.2; 

b) 0.5 percent for 0.2 < /3 < 0.6; and 

c) 1 .667 /3 - 0.5 percent for 0.6 < )3 < -0.75. 

If /3 > 0.5 and Rej^< 10 000, the following relative 
uncertainty shall be added arithmetically to the 
above values. 

10.3.2 Uncertainty of Expansibility (Expansion) 
Factor, e 

When j3, Ap/p^ and k are assumed 10 be known 
without error, the relative uncertainty of the value 
of e is equal to: 

^ ,- Ap 

3.5 —^percent 
kp/ 

10.4 Pressure Loss, Aco 

1 0.4.1 The pressure loss, Ato, for the orifice plates 
described in this part of ISO 51 67-1 is approximately 
related to the differential pressure Ap by: 



A,. Vl-yg^(1-C^)-C/?\ ^ 
Aw = , Ap 

VW?*(1-C')+Cy5^ 

This pressure loss is the difference in static 
pressure between the pressure measured at the 
wall on the upstream side of the orifice plate, at a 
section where the influence of the approach impact 
pressure adjacent to the plate is still negligible 
(approximately D upstream of the orifice plate), 
and that measured on the downstream side of the 
orifice plate, where the static pressure recovery 
by expansion of the jet may be considered as just 
completed (approximately 60 downstream of the 
orifice plate). Figure 7 shows the pressure profile 
through an orifice metering system. 

10.4.2 Another approximate value of Aco/Ap is 



Aco 
Ap 



= l-y9^ 



10.4.3 The pressure loss coefficient, K, for the 
orifice plate is 

^H^ \ 

where /Cis defined by the following equation: 
Aco 



K = 



ipy' 
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KEY 

1 — plane of upstream pressure 

tappings 

2 — plane of downstream pressure 

tappings 

3 — plane of "vena contracta" (highest 

velocities) 

4 — plane of temperature probe 

5 — secondary flow regions 

6 — thermometer pocket or well 

7 — pressure tappings 

8 — pressure distribution on the wall 

9 — mean temperature distribution 



Fig. 7 Aproximate Profiles of Flow, Pressure and Temperature 
IN AN Orifice Metering System 



11 INSTALLATION REQUIREMENTS 

11.1 General 

General installation requirements for pressure 
differentia! devices are given in this standard and 
shall be followed in conjunction with the additional 
specific requirements for orifice plates. The general 
requirements for flow conditions at the primary 
device are also given in this standard. The 
requirements for use of a flow conditioner are also 
mentioned. A flow conditioner will permit the use 
of a shorter upstream pipe length; moreover, a flow 
conditionershall be installed upstream of the orifice 
plate where sufficient straight length to achieve 
the desired level of uncertainty is not available. 
Downstream of a header the use of a flow 
conditioner is strongly recommended. 

11.2 Minimum Upstream and Downstream 
Straight Lengths for Installation Between 
Various Fittings and the Orifice Plate 

11.2.1 The minimum straight lengths of pipe 
required upstream and downstream of the orifice 
plate for the specified fittings in the installation 
without flow conditioners are given in Table 6. 

11.2.2 When a flow conditioner is not used, the 
lengths specified in Table 6 shall be regarded as 
the minimum values. For research and calibration 
work in particular, it is recommended that the 
upstream values specified in Table 6 be increased 
by at least a factor of 2 to minimize the measurement 
uncertainty. 

11.2.3 When the straight lengths used are equal 



to or longer than the values specified in columns 
A of Table 6 for 'zero additional uncertainty', it is 
not necessary to increase the uncertainty in 
discharge coefficient to take account of the effect 
of the particular installation. 

1 1 .2.4 When the upstream or downstream straight 
length is shorter than the value corresponding to 
'zero additional uncertainty' shown in columns A 
and either equal to or greater than the 0.5 percent 
additional uncertainty value shown in columns B of 
Table 6 for a given fitting, an additional uncertainty 
of 0.5 percent shall be added arithmetically to the 
uncertainty in the discharge coefficient. 

11.2.5 This part of the standard cannot be used 
to predict the value of any additional uncertainty 
when either: 

a) straight lengths shorter than the 
0.5 percent additional uncertainty values 
specified in columns B of Table 6 are used; 
or 

b) both the upstream and downstream 
straight lengths are shorter than the 'zero 
additional uncertainty' values specified in 
columns A of Table 6. 

1 1 .2.6 The value shown in Table 6 shall be set fully 
open during the flow measurement process. It is 
recommended that control of the flow rate be 
achieved by valves located downstream of the 
orifice plate. Isolating valves located upstream of 
the orifice plate shall be set fully open, and these 
valves shall be full bore. The valve shall be fitted 
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Table 6 Required Straight Length Between Orifice Plates and Fittings Without Flow Conditioners 

{Clauses 1 1 .2.1 , 1 1 .2.2, 1 1 .2.3, 1 1 .2.4, 1 1 .2.5, 1 1 .2.6, 1 1 .2.7 and 1 1 .2.8) 

Values expressed as multiples of internal diameter, D 



-*, 
oi 
o> 

en 



CD 



Diam- 
eter 
ratio 


Upstream (inlet) side of orifice plate 


Down- 
stream 

(outlet) side 
of the 

orifice plate 


Single 90" 
bend 

Two 90' 
bends in 
any plane 


Two 90° 
bends in 
the same 

plane: 

5-conflgur- 

atlon 

(SOD 3= 5 > 
10D)3 


Two 90- 
bends in 

the same 
plane: 

5-configur- 
ation 

(10£> 5= 5) 3 


Two 90° 
bends in 
perpen- 
dicular- 
planes 

(30D > 5 3: 
5Z>)a 


Two 90" 
bends in 
perpen- 
dicular 
planes 

(5D > 5) 3' *> 


Single 90° 
tee with or 
without an 
extension 

Mitre 90* 

bend 


Single 45° 
bend 

Two 45° 
bends in 
the same 

plane: 

5'-configur- 

ation 

(5?2D)3 


Concentric 

reducer 

2DtQD 

over a 

length of 

1,5Dto3D 


Concentric 
expander 

0,5DtoD 
over a 

length of 
Dio2D 


Full bore 

ball valve 

or gate 

valve fully 

open 


Abrupt 

symmetrical 

reduction 


Ther- 
mometer 
pocket 
or well '^ 
of diameter 

$0.03D'^ 


Fittings 
(columns 2 
to 11) and 
the densi- 
tometer 
pocket 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


— 


A« 


B* 


A« 


b' 


A^ 


Bf 


A^ 


8' 


A^ 


Bf 


A^ 


Bf 


A^ 


B^ 


A^ 


Bf 


A« 


B' 


A^ 


B\ 


A^ 


B' 


A« 


B* 


A^ 


Bf 


<0,20 


6 


3 


10 


g 


10 


9 


19 


18 


34 


17 


3 


g 


7 


g 


5 


g 


6 


9 


12 


6 


30 


15 


5 


3 


4 


2 


0,40 


16 


3 


10 


g 


10 


g 


44 


18 


50 


25 


9 


3 


30 


9 


5 


g 


12 


8 


12 


6 


30 


15 


5 


3 


6 


3 


0,50 


22 


9 


18 


10 


22 


10 


44 


18 


75 


34 


19 


9 


30 


18 


8 


5 


20 


9 


12 


6 


30 


15 


5 


3 


6 


3 


0.60 


42 


13 


30 


18 


42 


18 


44 


18 


65*1 


25 


29 


18 


30 


18 


9 


5 


26 


11 


14 


7 


30 


15 


6 


3 


7 


3,5 


0,67 


44 


20 


44 


18 


44 


20 


44 


20 


60 


18 


36 


18 


44 


18 


12 


6 


28 


14 


18 


9 


30 


15 


5 


3 


7 


3,5 


0,75 


44 


20 


44 


18 


44 


22 


44 


20 


75 


18 


44 


18 


44 


18 


13 


8 


36 


18 


24 


12 


30 


15 


5 


3 


8 


4 


NOTE 1 The minimum straight lengths required are the lengths between various fittngs located upstream or downstream of the orifice plata and the orifice plate itself. Straight lengths shall be measured from the 
downstream end of the curVed portion of the nearest (or only) bend or of the tee or the downstream end of the curved or conical portion of the reducer or the expander. 

NOTE 2 Mast of the bends on which the lengths in this table are based had a radius of curvature equal to 1 ,5D. 


^ S IS the separation between the two bends measured from the downstream end of the curv'ed portion of the upstream bend to the upstream end of the curved portion of the downstream bend. 

"^ 'Riis (s not a good upstream installation; a flow conditioner should be used where possible. 

'^ The installation of thermometer pockets or wells will not alter the required minimum upstream straight lengths for the other fittings, 

^ A thermometer pocitet or well of diameter between 0,03D and 0,13/J may be installed provided that the values in Columns A and B are increased to 20 and 10 respectively. Such an installation Is not, however, 

recommended. 

^ Column A for each fitting gives lengths con-esponding to "zero additional uncertainty" values (see 1 1 .2.3 )■ 

* Column B for each fitting gives lengths corresponding to "0,5 % additional uncertaint/ values (see 11.2.4). 

9 The straight length in Column A gives zero additioriai uncertainty; data are not available for shorter straight ierigths which could be used to give the required straight lengths for Column B. 

•^ 95DisrequiredforJieo>2x 106ifS<2/). 
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with stops for alignment of the ball in the open 
position. The valve shown in Table 6 is one which is 
of the same nominal diameter as the upstream pipe. 

11.2.7 In the metering system, upstream valves 
which are match bored to the adjacent pipe work 
and are designed in such a manner that can be 
regarded as part of the metering pipe work length 
and do not need to have added lengths as in 
Table 6 provided that when flow is being measured 
they are fully open. 

11.2.8 The values given in Table 6 were 
determined experimentally with a very long 
straight length of pipe upstream of the fitting in 
question so that the flow immediately upstream 
of the fitting was considered as fully developed 
and swirl-free. Since in practice such conditions 
are difficult to achieve, the following information 
may be used as a guide for normal installation 
practice. 

a) Several fittings of the type covered by 
Table 6, treating the combinations of 90° 
bends already covered by these tables as 
a single fitting, are placed in series 
upstream of the orifice plate (see Fig. 8). 

b) In addition to the rule in (a) any fitting, 
treating any two consecutive 90° bends as 
a single fitting, shall be located at a distance 
from the orifice plate at least as great as 
the distance given by the product of the 
pipe diameter at the orifice and the number 
of diameters required between that fitting 
and an orifice plate of the same diameter 
ratio in Table 6, regardless of the number 
of fittings between that fitting and the orifice 
plate. The distance between the orifice 
plate and the fitting shall be measured 
along the pipe axis. If, for any upstream 



fitting, the distance meets this requirement 
using the number of diameters in 
columns B but not that in columns A then 
a 0.5 percent additional uncertainty shall 
be added arithmetically to the discharge 
coefficient uncertainty, but this additional 
uncertainty shall not be added more than 
once under the provisions of (a) and (b). 

c) It is strongly recommended that a flow 
conditioner shall be installed downstream 
of a metering system header (for example, 
one whose cross-section area is 
approximately equal to 1.5 times the 
cross-sectional area of the operating flow 
meter tubes) since there will always be 
distortion of the flow profile and a high 
probability of swirl. 

d) When the second (or more distant) fitting 
from the orifice is a combination of bends, 
then in applying Table 6 the separation 
between the bends is calculated as a 
multiple of the diameter of the bends 
themselves. 

11.2.9 By way of example, three cases of the 
application of 11.2.8 (a) and (b) are considered. In 
each case, 1 second fitting from the orifice plate is 
two bends in perpendicular planes (the separation 
between the bends is 1 times the diameter of the 
bends) and the orifice plate has diameter ratio 0.4. 

If the first fitting is a full bore ball valve fully open 
[see Fig. 9 (a)], the distance between the valve 
and the orifice plate shall be at least 12D (from 
Table 5) and that between the two bends 
perpendicular planes and the valve shall be at least 
22D [from 11.2.8 (a)]; the distance between the 
two bends in perpendicular planes and the orifice 
plate shall be at least 44D [from 11.2.8 (b)]. 




UD 



I 



i 



UD 



28 D 






\ 



KEY 

1 — expander 

2 — full bore ball valve or gate 

valve fully open 

3 — orifice piate 



Fig. 8 Layout Including a Full Bore Valve for /J = 0.6 
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If the first fitting is a reducer from 2D to D over a 
length of 2D [see Fig. 9 (c)], the distance between 
the reducer and the orifice plate shall be at least 
5D (from Table 6) and that between the two bends 
in perpendicular planes and the reducer shall be 
at least 22 x 2D [from 11.2.8 (a)]; the distance 
between the bends in perpendicular planes and 
the orifice plate shall be at least 440. So no 
additional length is required because of 1 1.2.8 (b). 

If the first fitting is an expander from 0.5D to D 
over a length of 2D [see Fig. 9(d)], the distance 
between the expander and the orifice plate shall 
be at least ^2D (from Table 5) and that between 
the bends in perpendicular planes and the 
expander shall be at least 22 x o.5D [from 6.2.8 (a)]; 
the distance between the two bends in perpendicular 
planes and the orifice plate shall be at least 44D 



[from 11.2.8 (b)]. So an additional total length of 
19D is required which may be either upstream or 
downstream of the expanded partly upstream and 
partly downstream of it. 

12 FLOW CONDITIONERS 
12.1 General 

A flow conditioner can be used to reduce upstream 
straight lengths either through meeting the 
compliance test given in this standard, in which 
case it can be used downstream of any upstream 
fitting, or through meeting the requirements of this 
standard, which gives additional possibilities 
outside compliance testing. In either case the test 
work shall be carried out using orifice plates. 

Unpatented flow conditioners which have met the 
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-Fig. 9 Examples of Acceptable Installation 
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compliance test of this standard are the 19-tube 
bundle flow stralghtener (1 998) and the Zankerflow 
conditioner plate. Annex B describes some patented 
flow conditioners which have met the compliance 
test. Clause 12.2 and 12.6 give the situations in 
which the 19-tube bundle flow stralghtener (1998) 
and the Zanker flow conditioner plate can be used 
upstream of orifice plates. Clause 12.4 and 12.6.2 
describe the situations in which the 1 9-tube bundle 
flow stralghtener (1998) and the Zanker flow 
conditioner plate can be used downstream of any 
fitting. Clause 12.5 describes some additional 
situations in which the 19-tube bundle flow 
stralghtener (1998)] may be used to reduce the 
required upstream length. Annex B describes some 
flow conditioners which can be used upstream of 
orifice plates and the requirements for straight 
lengths associated with them. It is not intended that 
the inclusion of the flow conditioners described there 
should limit the use of other flow conditioner designs 
which have been tested and proved to provide 
sufficiently small shifts in discharge coefficient. 

12.2 19-Tube Bundle Flow Stralghtener (1998) 

The 1 9-tube bundle flow stralghtener (1 998) shall 
consist of 1 9 tubes arranged in a cylindrical pattern 
as in Fig. 10. 

In order to reduce the swirl that can occur 
between the exterior tubes of the 1 9-tube bundle 
flow stralghtener (1998) and the wall of the pipe, 



the maximum outside diameter of the flow 
stralghtener, D, shall satisfy 

0.95D <D,<D 

The length, L, of the tubes shall be between 2D 
and 3D, preferably as close to 2D as possible. 

12.2.1 Description 

12.2.2 Design 

12.3 Tubing of the 19-Tube Bundle Flow 
Stralghtener (1998) 

All the tubes in the tube bundle shall be of uniform 
smoothness, outer diameter and wall thickness. 
The individual tube wall thickness of the 19-tube 
bundle flow stralghtener (1998) shall be thin. All 
tubes shall have an internal chamfer on both ends. 

The wall thickness shall be less than 0.025D; this 
value is based on the wall thickness of the tubes 
used to collect the data on which this standard is 
based. 

12.3.1 Fabrication of this 19-Tube Bundle Flow 
Stralghtener (1998) 

The 19-tube bundle flow stralghtener (1 998) shall 
be sturdily fabricated. Individual tubes shall be 
welded together at the points of contact, at least 
at both ends of the tube bundle. It is important to 
ensure that the tubes are parallel to each other 
and to the pipe axis since, if compliance with this 




KEY 

1 — minimized gap 

2 — pipe wall 

3 — tube wall thickness 

4 — centring spacer options (typically four places) 

■' D, = flow stralghtener outside diameter 

Fig. 10 Fabrication of the 19-Tube Bundle Flow STRAtGHTENER (1998) 
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requirement is not met, the straightener itself may 
introduce swirl into the flow. Centring spacers may 
be provided on the outside of the assembly to 
assist the installer in centring the device in the pipe; 
these may take the form of small lugs small rods 
parallel to the pipe axis. After being inserted in the 
pipe, the tube bundle shall be securely fastened 
in place. Secure fastening, however, should not 
distort the tube bundle assembly with respect to 
symmetry within the pipe. 

12.3.2 Pressure Loss 

The pressure loss coefficient, K, for the 19-tube 
bundle flow straightener (1998) is approximately 
equal to 0.75, where K is given by the following 
equation: 



iPv' 



where 

AP^ = pressure loss across the 1 9-tube bundle 

flow straightener (1998); 
p = density of the fluid in the pipe; and 
V = mean axial velocity of the fluid in the 

pipB. 

12.4 Installation Downstream of Any Fitting 

12.4.1 The 19-tube bundle flow straightener 
(1 998) shown in Fig. 1 can be used downstream 
of any upstream fitting with an orifice plate whose 
diameter ratio is 0.67 or smaller provided that it 
meets the manufacturing specification and is 
installed in accordance with specific clause. 

12.4.2 The 19-tube bundle flow straightener 
(1998) shall be installed so that the distance 
between the downstream end of the 19-tube 
bundle flow straightener (1998) and the orifice 
plate is equal to 1 3D ± 0.25D. 

12.5 Additional Options 

12.5.1 A 19-tube bundle flow straightener (1998) 
may also be used to reduce the required upstream 
straight length in situations outside the situation 
as described in respective clause. The 1 9-tube 
bundle flow straightener (1998) shall be as 
described in specific clause. 

The permitted locations for the 1 9-tube bundle flow 
straightener (1 998) depend on L^, the distance from 
the orifice plate to the nearest upstream fitting, 
measured to the downstream end of the curved 
portion of the nearest (or only) bend or of the tee 
or the downstream end of the curved or conical 
portion of the reducer or expander. 

Table 7 provides the permitted location range and 



the recommended location for the 19-tube bundle 
flow straightener (1 998) for two ranges of L,: 

a) 30D>L,>18D, and 

b) L, > SOD. 

If shall be greaterthan or equal to 1 8D.The locations 
for the 19-tube bundle flow straightener (1998) are 
described in Table 7 in terms of the straight lengths 
between the downstream end of the 1 9-tube bundle 
flow straightener (1998) and the orifice plate. 

If, for a particular upstream fitting, an orifice plate 
diameter ratio and a value of 1^, there is no location 
shown in Table 7 for a 19-tube bundle flow 
straightener (1998), then an installation with this 
fitting, j3 and I,, is not recommended. In this case, 
an increase in L^ and/or a reduction in j3 is necessary. 

The length required downstream of the orifice plate 
shall be as given in Table 6. 

An example of the use of Table 7 is given in the 
respective clause. 

12.5.2 When the straight length between orifice plate 
and 19-tube bundle flow straightener (1998) is in 
accordance with the values specified in columns A 
of Table 6 and the downstream straight length in 
accordance with columns A of Table 7 for 'zero 
additional uncertainty', it is not necessary to increase 
the uncertainty in discharge coefficient to take 
account of the effect of the particular installation. 

12.5.3 An additional uncertainty of 0.5 percent 
shall be added arithmetically to the uncertainty in 
the discharge coefficient when either: 

a) the straight length between orifice plate and 
19-tube bundle flow straightener (1998) 
is not in accordance wi^th the value 
corresponding to 'zero additional 
uncertainty' shown in columns A but in 
accordance with the value corresponding 
to '0.5 percent additional uncertainty' shown 
in columns B of Table 7; or 

b) the downstream straight length is shorter than 
the value corresponding to 'zero additional 
uncertainty' shown in columns A but either 
equal to or greater than the '0.5 percent 
additional uncertainty' value shown in 
columns B of Table 6 for a given fitting. 

12.5.4 This standard shall not be used to predict 
the value-of any additional uncertainty when: 

a) the straight length -between orifice plate 
and 19-tube bundle flow straightener 
(1 998) is not in accordance with the value 
corresponding to 0.5 percent additional 
uncertainty shown in columns B of Table 7; 
or 
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Table 7 Permitted Range of Straight Lfengths Between an Orifice Plate and a 19-Tube Bundle Flow Straightener (1998) 

Downstream of Fittings Located at a Distance, L,, from the Orifice Plate 

{Clauses 12.5.^, 12.5.2, 12.5.3, 12.5.4 and 12.5.5) 

Values expressed as multiples of internal diameter, D 



Diameter 
ratio 


Single 90° bend " 


Two 90* behds '' in perpendicular planes 

(2Z)>S)^ 


Single 90° tee 


Any fitting 


30 > Li » 18 


If>30 


30 > if > 18 


if ^30 


30>if»18 


i,>30 


30 > if? 18 


if>30 


1 


2 


3 


4 


5 


6 


7 


8 


9 


— 


A'^ 


B" 


A<= 


b1 


A": 


B'' 


A<= 


B" 


A<= 


Bd 


^c 


B<* 


A = 


B^ 


A^ 


B'' 


<0,2 


5 to 14,5 


1 ton* 


5 to 25 


1 ton^ 


5 to 14,5 


1 ton^ 


5to2S 


1ton* 


5 to 14,5 


1 t0n« 


1 to25 


1ton* 


5to11 


Hon* 


5 to 13 


Iton* 


0,4 


5 to 14,5 


1to«* 


5 to 25 


1 t6n« 


5 to 14,5 


Mon^ 


5 to 25 


Hon* 


5 to 14,5 


Hon* 


1 to25 


Iton* 


5 to 11 


Iton* 


5 to 13 


Iton* 


0,5 


11,5 
to 14,5 


3t0n^ 


11,5 
to 25 


3ton« 


9,5 

to 14,5 


1 ton« 


9 to 25 


1 ton* 


11 to 13 


1 ton* 


9 to 23 


1tOn* 


fg 


3 ton* 


11,5 
to 14,5 


3 ton* 


0,6 


12 to 13 


5t0«® 


12 to 25 


Ston^ 


13,5 
to 14,5 


6 ton* 


9 to 25 


1 to«* 


f h 


7 ton* 


11 to 16 


1 to n * 


f 


7 ton* 


12 to 16 


6 ton* 


0,67 


13 


7to«« 


13 

to 16,5 


7tOH« 


13 
to 14,5 


7 ton* 


10 to 16 


5 ton* 


f 


8 ton* 


11 to 13 


6 ton* 


f 


8 to 10 


13 


7 to 
n-1,5* 


0,75 


14 


8to«^ 


14 
to 16,5 


8tOn^ 


f 


9,5 to n^ 


12 
to 12,5 


8 ton* 


f 


9ton^ 


12 to 14 


7tOn* 


f 


9,5 


f 


8to22 


Recom- 
mended 


13 

for 

^^0,67 


13 

for 

^<0,75 


14 to 16,5 

for 
/5<0,75 


14 to 16,5 

for 
fi^OJS 


13,5 
to 14,5 

for 
>5<0,67 


13,5 
to 14,5 

for 
/3<0,75 


12 to 12,5 

for 
yS«0,75 


12 to 12,5 

for 
/3«0,75 


13 
for 


13 

for 

>8«0,75 


12 to 13 

for 
;S«0,75 


12 to 13 

for 
/8«0.75 


9,5 

for 
fi< 0,46 


9.5 

for 
fi<0J5 


13 

for 

/9<0,67 


13 

for 

^<0,75 


NOTE The straight lengths given in the table are the permitted lengths between 8ie downstream end of a 19-tut)e bundle flow straightener (1998) (as described in 12.5.3) and the orifice plate given that a partiCLlar 
fitting is installed up^ream of the 19-tube bundle flow straightener (1 998) at a distance if from the orifice plate. The distance tj from the orifice plate is measured to the downstream end of the curved portion of the nearest 
(or only) bend or of the tee or the downstream end of the cur^^ed or conical portion of the reducer or expander. The recommended values give tube bundle locations that are applicable over a specified range of fi. 


^ ^ is the separation between the two bends measured ftom the downstream end of the curved portion of the upstream bend to the upstream end of the curved portion of the downstream bend. 

'' Bends should have a radius of curvature equal to 1 ,5D. 

'^ Column A for each fitting gwes lengths con-esponding to "zero additional uncertainty" values ( see 1 2.5.2 ). 

'^ Column B for each fttUng gives lengths con^sponding tci 'O.S % additional uncertainty values (see 12.5.3 ). 

® n Is Ihe number of diameters such that the upstream end of the 19-tube bundle fl<iw straightener (1998) Is situated ^D from the downstream end of the curved or conical portion of the nearest fitting. It is desirable that 

the terjgth between the upstream end of the 19-tube bundle flow straightener (1998) and the downstream end of the curved or conical portion of the nearest fitting should be at least 2,50, except where this would not give an 

nrmptable value for the distance between the orifice plate and the downstream end of the 1 9-tube bundle How straightener ( 1 998). 

' It is not possible to find an acceptable location for a 19-tube bundle flow straightener (1998) downstream of the particular fitting for all values of Lf to which the column applies. 

9 If ^ = 0.46 a value of 9,5 is possible. 

^ If yS =0,54 a value 6f 13 is possible. 
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b) the downstream straight length is shorter 
than the 0.5 percent additional uncertainty 
value specified in columns B of Table 6; or 

c) both the straight length between orifice plate 
and 1 9-tube bundle flow straightener {1 998) 
is not in accordance with the value 
corresponding to zero additional uncertainty 
shown in columns A of Table 7 and the 
downstream straight length is shorter than 
the 'zero additional uncertainty' value 
specified in columns A of Table 6. 

12.5.5 The values given in Table 7 have been 
determined experimentally with a very long straight 
length mounted upstream of the fitting in question 
so that the flow immediately upstream of the fitting 
was considered as fully developed and swirl-free. 
Since in practice such conditions are difficult to 
achieve, there shall be al least 1 SDof straight pipe 
between the fitting listed in Table 7 and the nearest 
fitting beyond that one, unless the columns relating 
to any fitting are used (see example). 

Example: 

If it is necessary to install a single bend upstream 
of an orifice plate of diameter ratio 0.6, there are 
two options using a 19-tube bundle flow 
straightener (1 998) which will reduce the upstream 
length in comparison with the 42D required (see 
Table 6) if no flow conditioner is used. Either an 
installation as in 12.4 is permissible [see Fig. 9 (a)] 
which has the advantage that any fitting can be 
placed at any distance upstream of the single bend 
or an installation as in Table 7 is permissible [see 
Fig. 1 1 (b)] which gives a shorter straight length 



1 



3D 
,2D,13D±0'25D 



»30D 



a) Installation Using (12.4) 



3D 

,2D^ 



^ 



13 D 
12D 



:^ 



30D 
16D 



required downstream of the bend but a straight 
length required upstream of the bend. If the 
upstream straight length from the orifice plate to 
the bend is greater than or equal to 30D, Table 7 
can also be used to provide wider range of tube 
bundle locations but since these locations will 
rarely be required in designing installations these 
options are not shown in Fig. 1 1 . 

12.6 Zanker Flow Conditioner Plate 

12.6.1 Description 

The Zanker flow conditioner plate described here 
is a development of the Zanker conditioner. The 
Zanker flow conditioner plate has the same 
distribution of holes in a plate but does not have 
the egg-box honeycomb attached to the plate; 
instead the plate thickness has been increased to 
D/8. It is not patented. 

The Zanker flow conditioner plate shown in Fig. 1 2 
met the compliance test requirements. A Zanker 
flow conditioner plate which meets the 
manufacturing and installations as per this 
standard. 

12.6.2 Design 

The Zanker flow conditioner plate is illustrated in 
Fig. 12 and consists of 32 bored holes arranged 
in a symmetrical circular pattern. The dimensions 
of the holes are a function of the pipe inside 
diameter D and shall be as follows: 



a) 



a ring of 4 central holes of diameter 
0.141D± 0.001D on a pitch circle 
diameter of Q.25D ± 0.002 5D, 



KEY 

1 — position of any fitting placed at any distance 

upstream of the single bend 

2 — position of previous fitting placed before 

straighit length upstream of the single bend 



b) Installation Using (Table 7) 

Fig. 1 1 Example of Installations with a 19-Tube Bundle Flow Straightener (1998) 

Downstream of a Single Bend 



22 



IS 15675 : 2006 




d/s ^ 



Fig. 12 Drawing of the Zanker Flow Conditioner Plate 



b) a ring of 8 holes of drameter 0.1 39D 
± 0.001 D on a pitch circle diameter of 
0.56D± 0.005 6D; 

c) a ring of 4 holes of diameter 0.136 5D 
± 0.001 D on a pitch circle diameter of 
0.75D ± 0.007 5D; 

d) a ring of 8 holes of diameter 0.1 10D 
± 0.001 D on a pitch circle diameter of 
0.85D ± 0.008 50; and 

e) a ring of 8 holes of diameter 0.077D 
± 0.001 D on a pitch circle diameter of 
0.90D ± 0.009D. 

The tolerance on the diameter of each hole is: 
± 0.1 mm for D < 1 00 mm. 

The perforated plate thickness, t'^ is such that 
12D < i;, < 0. 1 5D. The flange thickness depends 
on the application; the outer diameter and flange 
face surfaces depend on the flange type and 
application. 

The pressure loss coefficient, K, for the Zanker 
flow conditioner plate is approximately equal to 3, 
where K'is given by the following equation: 



K = 






where 

AP^ = pressure loss across the Zanker flow 

conditioner plate; 
p = density of the fluid in the pipe; and 
V = mean axial velocity of the fluid in the 

pipe. 



12.6.3 Installation 

Lf, the distance between the orifice plate and the 
nearest upstream fitting, shall be at least equal to 
17D. The Zanker flow conditioner plate shall be 
installed so that L^, the distance between the 
downstream face of the conditioner plate and the 
orifice plate, is such that: 

7.5D<L^<L,-8.5D 

The Zanker flow conditioner plate can be used 
for /3 < 0.67. 

The distance to a bend (or bend combination) or 
a tee is measured to the downstream end of the 
curved portion of the nearest (or only) bend or of 
the tee. The distance to a reducer or expander is 
measured to the downstream end of the curved 
or conical portion of the reducer or the expander. 

The locations in this subclause are acceptable 
downstream of any fitting. A wider range of 
locations for the Zanker flow conditioner plate is 
pernnissible if the range of upstream fittings is 
restricted or the overall length between the 
upstream fitting and the orifice ptate is increased 
or the diameter ratio of the orifice plate is reduced. 
These locations are not described here. 

12.7 Circularity and Cylindricality of the Pipe 

12.7.1 The 2D length of the upstream pipe section 
adjacent to the orifice plate (or to the carrier ring if 
there is one) shall be manufactured with special 
care and shall meet the requirement that no 
diameter in any plane in this length shall differ by 
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more than 0.3 percent from the mean value of D 
obtained from the measurements. The value for 
the pipe diameter D shall be the mean of the 
internal diameters over a length of 0.5D upstream 
of the upstream pressure tapping. The internal 
mean diameter shall be the arithmetic mean of 
measurements of at least twelve diameters, 
namely, four diameters positioned at approximately 
equal angles, to each other, distributed in each of 
at least three cross-sections evenly distributed over 
a length of 0.5 D, two of the sections being at 
distance CD and 0.5D from the upstream tapping 
and one being in the plane of the weld in the case 
of a weld-necl< construction. If there is a carrier ring 
(see Fig. 6 ), this value of 0.5D shall be measured 
from the upstream edge of the carrier ring. 

Beyond 2D from the orifice plate, the upstream 
pipe run between the orifFce plate and the first 
upstream fitting or disturbance may be made up 
of one or more sections of pipe. 

12.7.2 Between 2D and 1 CD from the orifice plate, 
no additional uncertainty in the discharge 
coefficient is involved provided that the diameter 
step (the difference between the diameters) 
between any two sections does not exceed 
0.3 percent of the mean value of D obtained from 
the measurements. Moreover, the actual step 
caused by misalignment and/or change in diameter 
shall not exceed 0.3 percent of D at any point of 
the internal circumference of the pipe. Therefore, 
mating flanges would require the bores to be 
matched and the flanges aligned on installation. 
Dowels or self-centring gaskets may be used. 

12.7.3 Beyond 10D from the orifice plate, nc 
additional uncertainty in the discharge coefficient 
is involved provided that the diameter step (the 
difference between the diameters) between any two 
sections does not exceed 2 percent of the mean 
value of D obtained from the measurements. 
Moreover, the actual step caused by misalignment 
and/or change in diameter shall not exceed 
2 percent of D at any point of the internal 
circumference of the pipe. If the pipe diameter 
upstream of the step is greater than that downstream 
of it, the permitted diameter and actual steps are 
increased from 2 percent to 6 percent of D. On each 
side of the step, the pipe shall have a diameter 
between 0.98Dand 1.06D. Beyond lODfrom the 
orifice plate, the use of gaskets between sections 
will not violate this requirement provided that in use 
they are no thicker than 3.2 mm and they do not 
protrude into the flow. 

12.7.4 At a location which is both beyond 1 0Dfrom 
the orifice plate and beyond the first location where 



an expander could be fitted in accordance with 
Column IDA of Table 6, no additional uncertainty 
in the discharge coefficient is involved provided 
that the diameter step (the difference between the 
diameters) between any two sections does not 
exceed 6 percent of the mean value of D obtained 
from the measurements specified in 6.4.2. 
Moreover, the actual step caused by misalignment 
and/or change in diameter shall not exceed 
6 percent of D at any point of the internal 
circumference of the pipe. On each side of the step, 
the pipe shall have a diameter between 0.94D 
and 1 .06D. The first location where an expander 
could be fitted in accordance with Column 1 0A of 
Table 6 depends on the diameter ratio of the orifice 
plate, for example, it is 26D from the orifice plate 
ifi3 = 0.6. 

12.7.5 An additional uncertainty of 0.2 percent 
shall be added arithmetically to the uncertainty for 
the discharge coefficient if the diameter step (MJ) 
between any two sections exceeds the limits given 
in 12.7 but complies with the following relationship: 



AD 
D 



and 



AD 
D 



< 0.002 



<0.05 



+ 0.4 



O.1+2.3y0* 



where 



s is the distance of the step from the upstream 
pressure tapping or, if a carrier ring is used, from 
the upstream edge of the recess formed by the 
carrier ring. 

If a step is greater than any one of the limits given 
in the inequalities above or if there is more than 
one step outside the limits in the specified clause, 
the installation is not in accordance with this 
standard. 

No diameter of the downrstream straight length, 
considered along a length of at least 2D from the 
upstream face of the orifice plate, shall differ from 
the mean diameter of the upstream straight length 
by more than 3 percent. This can be judged by 
checking a single diameter of the downstream 
straight length. Mating flanges would require the 
bores to be matched and the flanges aligned on 
installation. Dowels or self-centring gaskets could 
be used. 

12.8 Location of Orifice Plate and Carrier 
Rings 

12.8.1 The orifice plate shall be placed in the pipe 
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in such a way that the fluid flows from the upstream 
face towards the downstream face. 

12.8.2 The orifice plate shall be perpendicular to 
the centreline of the pipe to within 1°. 

12.8.3 The orifice plate shall be centred in the pipe. 
The distance between the centreline of the orifice 
and the centrelines of the pipe on the upstream 
and downstream sides shall be measured, and for 
each pressure tapping the components of the 
distance between the centreline of the orifice and 
the centreline of the pipe in which it is located in 
the directions parallel to and perpendicular to the 
axis of the pressure tapping shall be determined. 

The component in the direction parallel to the 
pressure tapping e^,,, shall for each pressure 
tapping be such that 

0.002 5D 



0.1 + 2.3^5* 



e^^, the component in the direction perpendicular 
to the pressure tapping, shall for each pressure 
tapping be such that 



e^< 



0.005D 



0.1 + 2.3/?* 
If, for one or more pressure tappings, 



0.002 5D 
0.1 + 2.3>8'' 



<eci^ 



0.005D 
0.1 + 2.3y9'' 



An additional uncertainty of 0.3 percent shall be 
added arithmetically to the uncertainty on the 
discharge coefficient C.The additional uncertainty 
shall only be added once even if the above 
inequality holds for several pressure tappings. 

In the case where, for any pressure tapping, 

0.005D 
either e^, or e^„>Q.,^ 2.3/?* 

This standard gives no information for forecasting 
any additional uncertainty due to lack of 
concentricity. 

When carrier rings are used, they shall be centred 



such that they do not protrude into the pipe at any 

point. 

12.9 Method of Fixing and Gaskets 

The method of fixing and tightening shall be such 
that once the orifice plate has been installed in 
the proper position, it remains so. 

It is necessary, when holding the orifice plate 
between flanges, to allow for its free thermal 
expansion and to avoid buckling and distortion. 

Gaskets or sealing rings shall be made and 
inserted in such a way that they do not protrude at 
any point inside the pipe or across the pressure 
tappings or slots when corner tappings are used. 
They shall be as thin as possible, with due 
consideration taken in maintaining the relationship 
as defined in 9. 

If gaskets are used between the orifice plate and 
the annular chamber rings, they shall not protrude 
inside the annular chamber. 

13 MARKING 

13.1 The meter shall be marked with at least the 
following information: 

a) Manufacturer's name or trade-mark; 

b) Serial number; 

c) Maximum flow rate, q^^^ in actual volume 
units; 

d) Maximum allowable operating pressure; 
and 

e) Minimum flow rate, q^^a.\ 1 .2 kg/m^ fluid 
density 

13.2 BIS Certification Marking 

The product may also be marked with the Standard 
Mark. 

1 3.2.1 The use of the Standard Mark is governed 
by the provisions of the Bureau of Indian Standards 
Act, 1986 and the Rules and Regulations made 
thereunder. The details of conditions under which 
the licence for the use of the Standard Mark may 
be granted to manufacturers or producers may be 
obtained from the Bureau of Indian Standards. 
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ANNEX A 

{Foreword} 

A-1 TABLES OF DISCHARGE COEFFICIENTS AND EXPANSIBILITY (EXPANSION) FACTORS 
(seeTABLES8T019) 

Table 8 Orifice Plate with Corner Tappings — Disciiarge Coefficient, C, 

for D> 71 ,12 mm 



Diam- 






eter 
ratio 






Discharge coefficient, C, for ReDWi'ua\ to 


5x10' 


1x10* 


2x10* 


3x10* 


5x10* 


7i<10* 


1x10' 


3x10* 


1x10« 


1 X 10^ 


1x10» 


00 


0,10 


0.600 6 


0,599 


0,598 


0,597 6 


0,597 2 


0,597 


0,596 9 


0,596 6 


0,596 5 


0.596 4 


0.596 4 


0,596 4 


0.12 


0,6014 


0,599 5 


0,598 3 


0,597 9 


0,597 5 


0,597 3 


0,597 1 


0,596 8 


0,596 6 


0,596 5 


0,596 5 


0,596 5 


0.14 


0,602 1 


0,600 


0.598 7 


0.598 2 


0,597 7 


0,597 5 


0,597 3 


0,596 9 


0,596 8 


0,596 6 


0.596 6 


0,596 6 


0.16 


0,602 8 


0,600 5 


0,5991 


0,598 5 


0,598 


0,597 8 


0,597 6 


0,597 1 


0,596 9 


0,596 8 


0,596 8 


0,596 8 


0.18 


0.603 6 


0,601 1 


0,599 5 


0,598 9 


0,598 3 


0,598 1 


0,597 8 


0.597 4 


0,597 1 


0.597 


0,597 


0,596 9 


0.20 


0.604 5 


0,601 7 


0,600 


0,599 3 


0,598 7 


0,598 4 


0,598 1 


0,597 6 


0,597 4 


0.597 2 


0,597 2 


0,597 1 


0.22 


0,605 3 


0,602 3 


0,600 5 


0,599 8 


0,599 1 


0,598 7 


0.593 5 


0,597 9 


0,597 6 


0,5974 


0,597 4 


0,597 4 


0,24 


0,606 2 


0,603 


0,601 


0,600 2 


0,599 5 


0,599 1 


0,598 8 


0,598 2 


0,597 9 


0.597 7 


0.597 6 


0,597(8 


0,26 


0.607 2 


0,603 8 


0.6C1 6 


0,600 7 


0.599 9 


0,599 6 


0,599 2 


0,598 6 


0,598 2 


0,598 


0,597 9 


0,597 9 


0.28 


0,608 3 


0,604 6 


0,602 2 


0,601 3 


0,600 4 


0,600 


0,599 7 


0,599 


0,598 6 


0,598 3 


0,598 2 


0,598 1 


0,30 


0,609 5 


0,605 4 


0,602 9 


0,601 9 


0,601 


0,600 5 


0,600 1 


0.5994 


0,5989 


0,5986 


0,598 5 


0,598 4 


0,32 


0,610 7 


0,606 3 


0.603 6 


0,602 6 


0,601 6 


0,601 1 


0,600 6 


0,599 8 


0,599 3 


0.599 


0.598 8 


0,598 7 


0,34 


0,612 


0,607 3 


0,604 4 


0,603 3 


0,602 2 


0,601 7 


0,601 2 


0,600 3 


0,599 8 


0,599 3 


0,599 2 


0.599 1 


0,36 


0,613 5 


0,608 4 


0,605 3 


0,604 


0,602 9 


0,602 3 


0,601 8 


0,600 8 


0,600 2 


0.599 7 


0,599 6 


0.599 4 


0,38 


0,615 1 


0,609 6 


0,606 2 


0,604 9 


0.603 6 


0,603 


0,602 4 


0,601 3 


0,600 7 


0,6001 


0,599 9 


0,599 8 


0,40 


0,616 8 


0,610 9 


0,607 2 


0,605 8 


0,604 4 


0,603 7 


0,603 1 


0,601 9 


0,601 2 


0,600 6 


0,600 3 


0, 600 1 


0,42 


0,618 7 


0.612 2 


0,608 3 


0,606 7 


0,605 2 


0,604 4 


0,603 8 


0,602 5 


0,601 7 


0,601 


0,600 7 


0.600 5 


0,44 


0,620 7 


0,613 7 


0,609 4 


0,607 7 


0,606 1 


0,605 2 


0,604 5 


0,603 1 


0,602 2 


0,601 4 


0,601 1 


0,600 8 


0,46 


0,622 8 


0.615 2 


0,610 6 


0,6087 


0.607 


0,608 1 


0,605 3 


0,603 7 


0,602 7 


0,601 9 


0,601 5 


0,601 2 


0,48 


0,625 1 


0,616 9 


0,611 8 


0,609 8 


0,607 9 


0,606 9 


0,606 1 


0,604 3 


0,603 3 


0,602 3 


0,601 9 


0,601 5 


0,50 


0,627 6 


0,618 6 


0,613 1 


0,610 9 


0,608 8 


0,607 8 


0,606 9 


0,605 


0,603 8 


0.602 7 


0,602 2 


0,601 8 


0,51 


0,628 9 


0,619 5 


0,613 8 


0,6115 


0.609 3 


0,608 2 


0,607 3 


0,605 3 


0,604 


0,602 9 


0,602 4 


0.601 9 


0,52 


0,630 2 


0,620 4 


0,614 4 


0,612 1 


0.609 8 


0,608 7 


0,607 7 


0,605 6 


0,604 3 


0,603 


0,602 5 


0,602 


0,53 


0,631 6 


0,621 3 


0,615 1 


0,612 6 


0,610 3 


0,609 1 


0,608 


0,605 9 


0,604 5 


0,603 2 


0,602 6 


0,602 1 


0,54 


0,633 


0,622 3 


0,615 8 


0,613 2 


0,610 8 


0,609 5 


0,608 4 


0,606 1 


0.604 7 


0,603 3 


0,602 7 


0,602 1 


0,55 


0,634 4 


0,623 2 


0,616 5 


0,613 8 


0.611 2 


0,609 9 


0,608 8 


0,606 4 


0,604 9 


0,603 4 


0.602 8 


0,602 2 


0,56 


— 


0,624 2 


0,617 2 


0,614 3 


0.611 7 


0,610 3 


0,609 1 


0,606 6 


0,605 


D,603 5 


0,602 8 


0,602 2 


0,57 


— 


0.625 2 


0,617 9 


0,614 9 


0,6121 


0,610 7 


0,609 5 


0,606 9 


0,605 2 


0,603 6 


0,602 8 


0,602 2 


0,58 


~ 


0,626 2 


0,618 5 


0,615 5 


0,6126 


0,611 1 


0,609 8 


0,607 


0,605 3 


0,603 6 


0,602 8 


0,602 1 


0,59 


— 


0.627 2 


0,619 2 


0,616 


0.613 


0,6114 


0,610 1 


0,607 2 


0.605 4 


0,603 6 


0,602 8 


0,602 


0,60 


— 


0.628 2 


0,619 8 


0,616 5 


0,613 4 


0,611 7 


0,610 3 


0,607 3 


0,605 4 


0,603 5 


0,602 7 


0,601 9 


0,61 


— 


0,629 2 


0,620 5 


0,617 


0,613 7 


0.612 


0,610 6 


0.607 4 


0,605 4 


0,603 4 


0.602 5 


0,601 7 


0,62 


— 


0,630 2 


0,621 1 


0,617 5 


0,614 


0,612 3 


0,610 8 


0,607 5 


0,605 4 


0,603 3 


0,602 3 


0,601 4 


0,63 


— . 


0.631^ 


0,621 7 


0.617 9 


0,614 3 


0,612 5 


0,610 9 


0.607 5 


0,605 2 


0,603 


0.602 1 


0,601 1 


0,64 


— 


0,632 1 


0,622 2 


0,618 3 


0,614 5 


0,612 6 


0,6110 


0.607 4 


0,605 1 


0,602 8 


0,601 7 


0,600 7 


0,65 


— 


0,633 1 


0,622 7 


0,618 6 


0,6147 


0,612 7 


0,6110 


0,607 3 


0,604 8 


0,602 4 


0.601 3 


0,600 2 


0,66 


— 


0,634 


0,623 2 


0,618 9 


0,614 8 


0,612 8 


0,6110 


0,607 1 


0,604 5 


0,602 


0,600 8 


0,599 7 


0,67 


— 


0,634 8 


0,6236 


0,619 1 


0,614 9 


0,612 7 


0,610 8 


0,606 8 


0,6041 


0,601 4 


0.600 2 


0,599 


0,68 


— 


0,635 7 


0,623 9 


0,619 3 


0,614 9 


0,612 6 


0,610 6 


0.606 4 


0,603 6 


0,600 8 


0,599 5 


0,598 3 


0.69 


— 


0,636 4 


0,624 2 


0,619 3 


0,614 7 


0,612 4 


0,610 4 


0,605 9 


0,603 


0,600 1 


0,598 7 


0,597 4 


0,70 


— 


0,637 2 


0,6244 


0,619 3 


0,614 5 


0,612 1 


0,610 


0,605 3 


0,602 3 


0,599 2 


0,597 8 


0,596 4 


0,71 


— 


0,637 8 


0,824 5 


0,619 2 


0,614 2 


0,6117 


0,609 4 


0,604 6 


0,601 4 


0,598 2 


0.596 7 


0,595 3 


0.72 


— 


0,638 3 


0,624 4 


0,618 9 


0,613 8 


0,611 1 


0,608 8 


0.603 8 


0,600 5 


0,597 1 


0,595 5 


0.594 


0,73 


— 


0,638 8 


0,624 3 


0,618 6 


0,613^ 


0,610 4 


0.608 


0,602 8 


0,599 3 


0,595 8 


0.594 2 


0,5926 


0.74 


_ 


0,639 1 


0.624 


0,618 1 


0,612 5 


0,609 6 


0,607 1 


0,601 6 


0,598 


0,594 3 


0.592 6 


0,591 


0,75 


— 


J0,639 4 


0,623 6 


0,617 4 


0,6116 


0,608 6 


0,606 


0,600 3 


0,596 5 


0,592 7 


0.5909 


0,589 2 


NOTE This 


table is given for convenience. The values given are not intended for precise Interpolation. Extrapolation Is not pennnltted. | 
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Table 9 Orifice Plate with Dand D/2 Tappings 

for D> 71.12 mm 



Discliarge Coefficient, C, 



Diam- 
eter 
ratio 


Discharge coefficient, C, for Rep equal to 


5xi03 


1xfO* 


2x10* 


3x10'« 


5x10* 


7x10* 


1x10* 


3x10* 


1x10* 


1x10^ 


1 x10» 


«j 


0,10 


0,600 3 


0.598 7 


0,597 7 


0,597 3 


0,596 9 


0,596 7 


0,696 6 


0,596 3 


0,596 2 


0,596 1 


0,596 1 


0,596 


0,12 


0,601 


0,599 1 


0,597 9 


0,597 5 


0,597 1 


0,596 9 


0,596 7 


0,596 4 


0,596 2 


0.596 1 


0,596 1 


0.596 1 


0,14 


0,601 6 


0,599 5 


0,598 2 


0,597 7 


0.597 2 


0,597 


0,596 8 


0,596 5 


0,596 3 


0,596 2 


0,596 1 


0.596 1 


0,16 


0,602 3 


0,600 


0,598 5 


0.598 


0,597 4 


0,597 2 


0,597 


0,596 6 


=0.596 4 


0,596 2 


0,596 2 


0,596 2 


0,18 


0,602 9 


0,600 4 


0,598 9 


0,598 2 


0.597 7 


0,597 4 


0,597 1 


0,596 7 


0.596 5 


0,596 3 


0J596 3 


0.596 3 


0,20 


0,603 7 


0,600 9 


0,599 2 


0.598 5 


0,597 9 


0,597 6 


0,597 4 


0,596 9 


0.596 6 


0,596 4 


0,596 4 


0,596 4 : 


0,22 


0,604 4 


0,601 5 


0,599 6 


0,598 9 


0,598 2 


0,597 9 


0,597 6 


0,597 1 


0.596 8 


0,596 6 


0,596 5 


0,596 5 


0,24 


0,6053 


0,602 1 


0,600 1 


0.599 3 


0,598 5 


0,598 2 


0,597 9 


0,597 3 


0.597 


0,596 7 


0,596 7 


0,596 6 


0,26 


0,606 2 


0,602 7 


0,600 6 


0,599 7 


0,598 9 


0,5985 


0,598 2 


0,597 5 


0.597 2 


0,596 9 


0,596 9 


0,596 8 


0,28 


0,607 2 


0,603 4 


0.601 1 


0.600 2 


0,599 3 


0,598 9 


0,598 5 


0.597 8 


0,597 5 


0,597 2 


0,597 1 


0,597 


0.30 


0.608 2 


0,604 2 


0.601 7 


0,600 7 


0,599 8 


0,599 3 


0,598 9 


0,598 2 


0,597 8 


0,597 4 


0,597 3 


0,597 3 


0,32 


0,609 4 


0,605 1 


0.602 4 


0,601 3 


0,600 3 


0,599 8 


0,599 4 


0,598 6 


0.598 1 


0,597 7 


0,597 6 


0,597 5 


0,34 


0.610 7 


0,606 


0.603 1 


0,602 


0,600 9 


0,600 4 


0,599 9 


0,599 


0,598 5 


0,598 1 


0,597 9 


0,^97 8 


0,36 


0,612 1 


0,607 1 


0,604 


0,602 7 


0,601 6 


0.601 


0,600 5 


0,5995 


0,598 9 


0,598 4 


0,598 3 


0,598 1 


0,38 


0,613 7 


0,608 2 


0.604 9 


0,603 5 


0,602 3 


0,601 6 


0,601 1 


0.600 


0,599 4 


0,598 8 


0,598 6 


0,598 5 


0,40 


0,615 3 


0,609 5 


0.605 9 


0,604 4 


0,603 1 


0,602 4 


0.601 8 


0.600 6 


0,599 9 


0,599 3 


0,599 1 


0,598 9 


0,42 


0.617 2 


0,610 9 


0.607 


0,605 4 


0,603 9 


0,603 2 


0.602 5 


0,601 2 


0,600 5 


0,599 8 


0.599 5 


0,599 3 


0,44 


0.619 2 


0,612 4 


0.608 2 


0,606 5 


0,604 9 


0,604 1 


0.603 4 


0,601 9 


0,601 1 


0,600 3 


0.600 


0,599 7 


0,46 


0,621 4 


0,614 


0,609 4 


0,607 6 


0,605 9 


0,605 


0.604 2 


0,602 7 


0,601 7 


0,600 8 


0.600 5 


0,600 2 


0,48 


0,623 8 


0,615 7 


0.610 8 


0,608 8 


0,607 


0,606 


0,605 2 


0,603 5 


0,602 4 


0,601 4 


0.601 


0,600 6 


0,50 


0,626 4 


0,617 6 


0,612 3 


0,610 1 


0,608 1 


0,607 1 


0,606 2 


0,604 3 


0,603 1 


0,602 


0,601 6 


0,601 1 


0,51 


0,627 8 


0.618 6 


0,613 1 


0,610 8 


0,608 7 


0,607 6 


0,606 7 


0,604 7 


0,603 5 


0,602 3 


0,601 9 


0,601 4 


0,52 


0,629 2 


0,619 7 


0,613 9 


0,6115 


0,609 3 


0,608 2 


0,607 2 


0,605 2 


0,603 9 


0.602 7 


0,602 1 


0,601 6 


0,53 


0,630 7 


0.620 7 


0,614 7 


0,612 3 


0,610 


0,608 8 


0,607 8 


0,605 6 


0.604 3 


0.603 


0,602 4 


0,601 9 


0,54 


0,632 2 


0,621 8 


0,615 5 


0.613 


0,610 6 


0,609 4 


0,608 3 


0,606 1 


0,604 7 


0,603 3 


0,602 7 


0,602 1 


0,55 


0,633 7 


0.622 9 


0,616 4 


0,613 8 


0,611 3 


0,610 


0,608 9 


0,606 5 


0.605 


0.603 6 


0,603 


0,602 4 


0,56 


— 


0,624 1 


0,617 3 


0,614 5 


0,611 9 


0,610 6 


0,609 5 


0,607 


0,605 4 


0,603 9 


0,603 2 


0.602 6 


0,57 


— 


0,625 3 


0,618 2 


0,615 3 


0.612 6 


0,611 2 


0,610 


0,607 5 


0,605 8 


0,604 2 


0,6035 


0.602 8 


0,58 


— 


0,626 5 


0,619 1 


0.616 1 


0,613 3 


0,611 9 


0,610 6 


0,607 9 


0,6062 


0,604 5 


0,603 8 


0,603 


0,59 


— 


0,627 7 


0,620 


0,616 9 


0,614 


0,612 5 


0,6112 


0.608 4 


0,606 6 


0,604 8 


0,6040 


0.603 2 


0,60 


— 


0,629 


0,621 


0.617 7 


0,614 7 


0,613 1 


0,6118 


0.608 8 


0,607 


0,605 1 


0,6042 


0,603 4 


0,61 


„ 


0,630 3 


0,621 9 


0,618 6 


0,615 4 


0,613 8 


0,612 4 


0,609 3 


0,607 3 


0,605 3 


0,604 4 


0,603 6 


0,62 


— 


0,631 6 


0.622 9 


0.619 4 


0,616 1 


0,614 4 


0,612 9 


0.609 7 


0,607 7 


0,605 6 


0,604 6 


0,603 7 


0,63 


— 


0,632 9 


0,623 8 


0,620 2 


0,616 8 


0,6150 


0,613 5 


0,610 2 


0,608 


0,605 8 


0,604 8 


0,603 9 


0,64 


— 


0,634 3 


0.624 8 


0,621 


0,617 5 


0,615 6 


0,614 


0,610 6 


0,608 3 


0,606 


0.605 


0,603 9 


0,65 


— 


0,635 6 


0,625 8 


0,621 9 


0,618 2 


0,616 2 


0,614 6 


0,610 9 


0,608 6 


0,606 2 


0,605 1 


0,604 


0,66 


— 


0,637 


0.626 8 


0,622 7 


0,618 8 


0,616 8 


0.6151 


0.611 3 


0,608 8 


0,606 3 


0,605 1 


0,604 


0,67 


— 


0.638 4 


0.627 7 


0,623 5 


0,619 5 


0,617 4 


0,615 6 


0,6116 


0,609 


0,606 4 


0.605 2 


0.604 


0,68 


— 


0,639 8 


0,628 7 


0,624 3 


0,620 1 


0,617 9 


0,6161 


0,612 


0,609 2 


0,606 5 


0.605 2 


0,603 9 


0,69 


— 


0.641 1 


0,629 6 


0,625 


0,620 7 


0,618 5 


0,616 5 


0,612 2 


0,609 4 


0,606 5 


0.605 1 


0,603 8 


0,70 


— 


0,642 5 


0,630 5 


0,625 6 


0,621 3 


0,618 9 


0,616 9 


0,612 5 


0,609 5 


0,606 5 


0.605 1 


0,603 7 


0,71 


— 


0.643 9 


0,631 5 


0,626 5 


0.621 8 


0,619 4 


0,617 3 


0,612 7 


0,609 6 


0,606 4 


0.604 9 


0,603 5 


0,72 


— 


0.645 3 


0,632 3 


0,627 2 


0,622 3 


0,619 8 


0,617 6 


0,612 8 


0,609 6 


0.606 3 


0.604 7 


0,603 2 


0,73 


— 


0.646 7 


0,633 2 


0.627 9 


0.622 8 


0,620 2 


0,617 9 


0,612 9 


0,609 6 


0,606 1 


0,604 5 


0,602 9 


0,74 


— 


0,648 


0,634 


0,628 5 


0.623 3 


0,620 6 


0,618 2 


0,613 


0,609 5 


0,605 9 


0,604 2 


0,602 5 


0,75 


_ 


0.649 4 


0,634 9 


0,629 1 


0.623 7 


1 0,620 9 


0,618 4 


0,613 


0,609 4 


0.605 6 


0,603 8 


0,602 1 


NOTE This 


table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not pemiitted. 
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Table 10 Orifice Plate with Flange Tappings — Discharge Coefficient, C, 

for D = 50 mm 



Diam- 
eter 
ratio 


Discliarge coefficient, C, for ile/) equal to 


5x10^ 


1 >c10* 


2x10* 


3x10* 


5x10* 


7x10* 


1x10* 


3x10* 


1x10* 


1x10^ 


1x10« 


00 


0.25 


0.610 2 


0,606 9 


0,604 8 


0,604 


0.603 2 


0,602 9 


0.6025 


0,601 9 


0,601 6 


0.601 4 


0,601 3 


0,601 2 


0,26 


0,610 6 


0,607 1 


0,605 


0,604 1 


0,603 3 


0,602 9 


0,602 6 


0.602 


0,601 6 


0.601 4 


0,601 3 


0,601 2 


0,28 


0,6114 


0,607 6 


0.605 3 


0,604 4 


0,603 5 


0.603 1 


0,602 8 


0,602 1 


0,601 7 


0.601 4 


0,601 3 


0,601 2 


0,30 


0.612 3 


0,608 2 


0.605 7 


-0,604 7 


0,603 8 


0.603 4 


0,603 


0,602 2 


0,601 8 


0.601 5 


0,601 4 


0,601 3 


0,32 


0.613 2 


0,608 9 


0.606 2 


0,605 2 


0,604 2 


0.603 7 


0,603 2 


0,602 4 


0,601 9 


0.601 6 


0,601 4 


0,601 3 


0.34 


0,614 3 


0,609 7 


0.606 8 


0,605 6 


0,604 5 


0.604 


0,603 5 


0,602 6 


0,602 1 


0.601 7 


0,6016 


0,601 4 


0,36 


0,615 5 


0.610 5 


0.6074 


0,606 2 


0,605 


0,604 4 


0,603 9 


0,602 9 


0,602 3 


0,601 9 


0,601 7 


0.601 6 


0,38 


0.616 9 


0,611 5 


0,608 1 


0,606 8 


0.605 5 


0.604 9 


0,604 3 


0,603 2 


0,602 6 


0,602 1 


0,601 9 


0.601 7 


0,40 


0,618 4 


0,612 5 


0,608 9 


0,607 5 


0.606 1 


0.605 4 


0,604 8 


0.6036 


0,602 9 


0,602 3 


0,602 1 


0.601 9 


0,42 


0,620 


0,613 7 


0.609 8 


0,608 2 


0,606 8 


0,606 


0,605 4 


0.6041 


0,603 3 


0.602 6 


0,602 3 


0,602 1 


0,44 


0,621 9 


0,615 


0,610 8 


0,609 1 


0.607 5 


0,606 7 


0,606 


0,604 5 


0,603 7 


0.602 9 


0,602 6 


0,602 3 


0,46 


0,623 9 


0,616 4 


0,611 9 


0,610 


0,608 3 


0,607 4 


0,606 7 


0,605 1 


0,6041 


0,603 3 


0,602 9 


0,602 6 


0,48 


0,626 


0,618 


0,613 


0,611 


0,609 2 


0,608 2 


0,6074 


0,605 7 


0,604 6 


0.603 6 


0,603 2 


0.602 8 


0,50 


0,628 4 


0,619 6 


0,614 3 


0,612 1 


0,610 1 


0.609 1 


0,608 2 


0,606 3 


0.605 1 


0.604 


0,603 6 


0.603 1 


0,51 


0,629 7 


0,620 5 


0,6149 


0,612 7 


0,610 6 


0,609 5 


0,608 6 


0,606 6 


0.605 4 


0.604 2 


0,603 7 


0.603 3 


0,52 


0,631 


0,621 4 


0,615 6 


0,613 3 


0,611 1 


0.610 


0,609 


0,606 9 


.0.605 6 


0,6044 


0,603 9 


0.603 4 


0,53 


0,6324 


0.622 4 


0,616 3 


0,613 9 


0,611 6 


0,610 5 


0,609 4 


0,607 3 


0.605 9 


0,604 6 


0,604 1 


0.603 5 


0,54 


0,633 a 


0,6234 


0,617 1 


0,614 5 


0,612 2 


0,610 9 


0,609 9 


0,607 6 


0.606 2 


0,604 8 


0,604 2 


0,603 7 


0,55 


0.635 2 


0,624 4 


0,617 8 


0,615 2 


0,612 7 


0,611 4 


0,610 3 


0,608 


0.606 5 


0,605 


0,604 4 


0,603 8 


0,56 


0,636 7 


0;625 4 


0,618 6 


0,615 9 


0,613 3 


0,611 9 


0,610 8 


0,608 3 


0.606 7 


0,606 2 


0,604 5 


0.603 9 


0,57 


0,638 3 


0.626 5 


0,619 4 


0,616 5 


0.613 8 


0,612 4 


0,6112 


0.608 7 


0,607 


0,605 4 


0;604 7 


0,604 


0,58 


0,639 9 


0,627 6 


0,620 2 


0,617 2 


0,614 4 


0,613 


0,6117 


0,609 


0.607 3 


0,605 6 


0,604 8 


0,604 1 


0,59 


0,6416 


0.628 7 


0,621 


0,617 9 


0,615 


0,613 5 


0,612 2 


0,609 3 


0.607 5 


0,605 8 


0,605 


0,604 2 


0,60 


0,643 3 


0,629 9 


0,621 8 


0,6186 


0,615 5 


0,614 


0,612 6 


0.609 7 


0,607 8 


0,605 9 


0.605 1 


0,604 3 


0,61 


0,645 


0.631 


0,622 7 


0.619 3 


0,616 1 


0,614 5 


0,613 1 


0.610 


0.608 


0,606 


0.605 1 


0,604 3 


0.62 


0,646 « 


0,632 2 


0,623 5 


0,620 


0,616 7 


0,615 


0.613 5 


0,610 3 


0,608 2 


0,606 2 


0.605 2 


0,604 3 


0,63 


0,648 6 


0,633 4 


0,624 3 


0,620 7 


0,617 3 


0,615 5 


0,613 9 


0,610 6 


0.608 4 


0,606 2 


0,605 3 


0,604 3 


0,64 


0.650 5 


0,634 7 


0,625 2 


0.621 4 


0,617 8 


0,616 


0,614 4 


0,610 9 


0,608 6 


0,606 3 


0,605 3 


0,604 3 


0,65 


0,652 4 


0,635 9 


0,626 


0.622 1 


0,618 4 


0,616 4 


0,614 8 


0.611 1 


0,608 8 


0,606 4 


0.605 3 


0,604 2 


0,66 


0.654 4 


0,637 1 


0,626 9 


0,622 8 


0,618 9 


0,616 9 


0,615 2 


0.6114 


0,608 9 


0,6064 


0,6052 


0,604 1 


0,67 


0.656 4 


0,638 4 


0,627 7 


0,6234 


0,619 4 


0,617 3 


0,615 5 


0.6116 


0,609 


0,606 3 


0,605 1 


0,603 9 


0,68 


0.658 4 


0,639 6 


0,628 5 


0.6241 


0,619 9 


0,617 7 


0,615 8 


0.611 7 


0,609 


0,606 2 


0.605 


0,603 7 


0,69 


0.660 4 


0.640 9 


0,629 3 


0,624 7 


0,620 4 


0,618 1 


0,616 1 


0,611 9 


0,609 


0,6061 


0.604 8 


0,603 5 


0.70 


0.662 5 


0,6421 


0,630 1 


0.625 3 


0,620 8 


0.618 5 


0.616 4 


0.612 


0,609 


0,6060 


0,604 5 


0,603 2 


0.71 


0.664 6 


0.643 4 


0.630 9 


0,625 9 


0,621 2 


0,618 8 


0,616 6 


0.612 


0,608 9 


0,605 7 


0,604 3 


0,602 8 


0.72 


0,666 7 


0,644 6 


0.631 6 


0,626 5 


0,621 6 


0,619 


0.616 8 


0.612 


0,608 8 


0,605 5 


0,603 9 


0.602 4 


0.73 


0,668 9 


0,645 9 


0,632 3 


0,627 


0,621 9 


0,619 3 


0,617 


0.612 


0,608 6 


0,605 1 


0,603 5 


0,601 9 


0.74 


0,671 


0,647 1 


0,633 


0,627 5 


0,622 2 


0,619 5 


0.617 1 


0.611 9 


0,608 4 


0.604 7 


0,603 


0,601 4 


0.75 


0,673 2 


0,648 3 


0,633 7 


0,627 9 


0,622 4 


0.619 6 


0.617 1 


0,611 7 


0,608 1 


0,604 3 


0,602 5 


0,600 8 


NOT 


E This table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not pemiitted. | 
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Table 1 1 Orifice Plate with Flange Tappings — Discharge Coefficient, C, 

for D = 75 mm 



Diam- 
eter 
ratio 


Discharge coefficient, C, torRe^) equal to 


5x10^ 


1 xlO* 


2x10* 


3x10* 


5x10* 


7x10* 


1 xlO' 


3x10* 


1x108 


1x10^ 


1x10* 


00 


0,17 


0,602 7 


0,600 3 


0,598 8 


0,598 2 


0,597 7 


0,597 4 


0,597 2 


0.596 7 


0,596 5 


0,596 4 


0,596 4 


0,596 3 


0,18 


0,603 1 


0,600 5 


0,599 


0,598 4 


0,597 8 


0,597 5 


0,597 3 


0,596 8 


0,596 6 


0,596 4 


0,596 4 


0,596 4 


0,20 


0,603 8 


0,601 1 


0,599 4 


0,598 7 


0.598 1 


0,597 7 


0,597 5 


0.597 


0.596 7 


0,596 6 


0,596 5 


0,696 5 


0,22 


0,604 6 


0,601 6 


0,599 8 


0,599 


0,598 4 


0,598 


0,597 7 


0,597 2 


0,596 9 


0.596 7 


0,596 7 


0,596 6 


0,24 


0,605 4 


0,602 2 


0,600 2 


0,599 4 


0,598 7 


0,598 3 


0,598 


0,597 4 


0,597 1 


0.596 9 


0,596 9 


0,596 8 


0,26 


0,606 4 


0,602 9 


0,600 7 


0,599 9 


0,599 1 


0,598 7 


0,598 4 


0,597 7 


0,597 4 


0,597 1 


0.597 


0,697 


0,28 


0,607 4 


0,603 6 


0,601 3 


0,600 4 


0,599 5 


0,599 1 


0,598 7 


0.598 


0.597 6 


0.597 4 


0,597 3 


0,597 2 


0,30 


0,608 4 


0,604 4 


0,601 9 


0,600 9 


0,600 


0,599 5 


0,599 1 


0.598 4 


0,597 9 


0.597 6 


0.597 5 


0,597 4 


0,32 


0,609 6 


0.605 3 


0,602 6 


0,601 5 


0,600 5 


0,600 


0,599 6 


0,598 8 


0.598 3 


0,597 9 


0,597 8 


0,597 7 


0,34 


0.610 9 


0,606 2 


0,603 3 


0,602 2 


0,601 1 


0,600 6 


0,600 1 


0.599 2 


0,598 7 


0.598 3 


0.598 1 


0,598 


0,36 


0,612 3 


0,607 3 


0,604 2 


0,602 9 


0,601 7 


0.601 2 


0,600 7 


0.599 7 


0,599 1 


0.598 6 


0,598 4 


0,598 3 


0,38 


0,613 9 


0,608 4 


0,605 1 


0.603 7 


0,602 5 


0,601 8 


0.601 3 


0.600 2 


0,599 5 


0.599 


0,598 8 


0,598 6 


0,40 


0,615 5 


0,609 7 


0,606 


0,604 6 


0,603 2 


0,602 5 


0,602 


0.600 8 


0,600 


0.599 4 


0,599 2 


0,599 


0,42 


0,617 4 


0,611 


0,607 1 


0,605 5 


0.604 1 


0.603 3 


0.602 7 


0.601 4 


0,600 6 


0.599 9 


0.599 6 


0,599 4 


0,44 


0,619 4 


0,612 5 


0,608 3 


0,606 6 


0,605 


0.604 2 


0.603 5 


0,602 


0,601 2 


0.600 4 


0,600 1 


0,599 8 


0,46 


0,621 6 


0,614 1 


0,609 5 


0,607 7 


0.605 9 


0.605 1 


0.604 3 


0.602 7 


0,601 8 


0,600 9 


0.600 5 


0.600 2 


0,48 


0,623 9 


0,615 8 


0,610 8 


0,608 9 


0,607 


0,606 


0,605 2 


0,603 5 


0,602 4 


0,601 4 


0,601 


0.600 6 


0,50 


0,626 4 


0,617 6 


0,612 3 


0.610 1 


0,608 1 


0,607 


0,606 1 


0,604 2 


0,603 1 


0.602 


0,601 5 


0,601 1 


0,51 


0,627 8 


0.618 6 


0,613 


0,610 7 


0,608 6 


0.607 5 


0,606 6 


0,604 6 


0.603 4 


0.602 2 


0,601 7 


0.601 3 


0.52 


0,629 2 


0.619 6 


0,6138 


0.6114 


0,609 2 


0,608 1 


0,607 1 


0,605 


0.603 7 


0.602 5 


0,602 


0.601 5 


0,53 


0,630 6 


0,620 6 


0,614 5 


0.612 1 


0.609 8 


0,608 6 


0.607 6 


0,605 4 


0,6041 


0.6028 


0,602 2 


0,601 7 


0,54 


0,632 1 


0,621 6 


0,615 3 


0,612 8 


0,610 4 


0.609 2 


0.608 1 


0,605 8 


0,604 4 


0.603 


0.602 4 


0,60-1 9 


0,55 


0,633 6 


0,622 7 


0,616 1 


0,613 5 


0.611 


0.609 7 


0,608 6 


0,606 2 


0.604 7 


0,6033 


0,602 7 


0,602 1 


0,56 


0,635 2 


0,623 8 


0,617 


0.614 2 


0.611 6 


0.610 3 


0,609 1 


0,606 6 


0,605 1 


0,603 5 


0,602 9 


0,602 2 


0,57 


0,636 8 


0,624 9 


0,617 8 


0,614 9 


0.612 2 


0.610 8 


0.609 6 


0,607 


0,605 4 


0,603 8 


0.603 1 


0,602 4 


0,58 


0,638 5 


0,626 1 


0,618 6 


0,615 6 


0,612 8 


0,6114 


0,6101 


0,607 4 


0,605 7 


0,604 


0,603 2 


0,602 5 


0,59 


0,640 2 


0,627 3 


0.619 5 


0,616 4 


0,613 4 


0.6119 


0,610 6 


0.607 8 


0,606 


0.604 2 


0,603 4 


0,602 6 


0,60 


0,641 9 


0,628 4 


0,620 3 


0,617 1 


0,614 


0,612 5 


0,611 1 


0,608 2 


0,606 3 


0.604 4 


0,603 5 


0.602 7 


0,61 


0,643 7 


0,629 6 


0,621 2 


0,617 8 


0.614 6 


0,613 


0,611 6 


0,608 5 


0,606 5 


0,604 5 


0,603 6 


0.602 8 


0,62 


0,645 5 


0,630 9 


0,622 1 


0,618 6 


0,615 2 


0.613 5 


0,612 


0,608 8 


0,606 7 


0,604 7 


0,603 7 


0.602 8 


0.63 


— 


0,632 1 


0.622 9 


0,619 3 


0,615 8 


0.614 


0,612 5 


0,609 1 


0,606 9 


0,604 8 


0,603 8 


0,602 8 


0,64 


•— 


0,633 3 


0.623 8 


0,620 


0,616 4 


0,614 5 


0,612 9 


0,609 4 


0,607 1 


0,604 8 


0,603 8 


0,602 8 


0,65 


— 


0,634 6 


0.624 6 


0,620 7 


0.616 9 


0.615 


0,613 3 


0.609 7 


0.607 3 


0,604 9 


0,603 8 


0.602 7 


0,66 


— 


0.635 8 


0.625 5 


0,621 3 


0,617 4 


0,615 4 


0,613 7 


0,609 9 


0.607 4 


0,604 8 


0,603 7 


0,602 6 


0,67 


— 


0,637 


0,626 3 


JQ,622 


0,617 9 


0,615 8 


0,614 


0,610 


0,607 4 


0.604 8 


0,603 6 


0,602 4 


0,68 


— ■ 


0,638 2 


0,627 


0,622 6 


0,618 4 


0,616 2 


0,614 3 


0,610 2 


0,607 4 


0,604 6 


0.603 4 


0,602 1 


0,69 


-r- 


0,639 5 


0,627 8 


0,623 2 


0,618 8 


0,616 5 


0,614 5 


0,610 2 


0,607 4 


0,604 5 


0.603 1 


0,601 8 


0,70 


— 


0,640 7 


0,628 5 


0,623 7 


0,619 1 


0,616 8 


0,614 7 


0,610 2 


0,607 3 


0,604 2 


0, 602 8 


0,601 4 


0,71 


— 


0,641 8 


0.629 2 


0,624 2 


0,619 4 


0.617 


0,614 8 


0,610 2 


0,607 1 


0,603 9 


0.602 4 


0.601 


0,72 


— 


0,643 


0,629 8 


0,624 6 


0,619 7 


0,617 1 


0,614 9 


0,610 1 


0,606 8 


0.603 5 


0.601 9 


0.600 4 


0,73 


— 


0.6441 


0,630 4 


0,625 


0,619 9 


0,617 2 


0,614 9 


0.609 9 


0,606 5 


0,603 


0,601 4 


0,599 8 


0,74 


— 


0,6451 


0,631 


0,625 3 


0,620 


0,617 3 


0,614 9 


0,609 6 


0,606 1 


0,602 5 


0.600 8 


0,599-1 


0,75 


— 


0.646 2 


0,631 4 


0,625 6 


0.620 1 


0,617 2 


0,614 7 


0,609 3 


0,605 6 


0,601 8 


0.600 


0,598 3 


NOTE This 


table is given for convenience. The values given are not intended for precise Interpoiat 


on. Extrapolation Is not pennitted. 
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Table 12 Orifice Plate with Flange Tappings — Discharge Coefficient, C, 

for D= 100 mm 



Diam- 
eter 
ratio 


Discharge coefficient, C, for Rep equal to 


5x10^ 


1 x^o* 


2x10* 


3x10* 


5x10* 


7x10* 


1x10^ 


3x10* 


1x10« 


1x10' 


1 xlO* 


00 


0.13 


0.601 4 


0,599 4 


0,598 2 


0,597 7 


0.597 3 


0,597 1 


0,596 9 


0,596 6 


0,596 4 


0,596 3 


0.596 2 


0.596 2 


0,14 


0.601 8 


0,599 7 


0,598 4 


0,597 9 


0.597 4 


0,597 2 


0,597 


0,596 6 


0,596 4 


0.596 3 


0,596 3 


0,596 3 


0,16 


0.602 5 


0,600 1 


0,598 7 


0,598 1 


0.597 6 


0,597 4 


0,597 2 


0,596 8 


0,596 5 


0.596 4 


0,596 4 


0.596 4 


0,18 


0,603 2 


0,600 6 


0,599 1 


0,598 5 


0,597 9 


0,597 6 


0,597 4 


0,596 9 


0,596 7 


0,596 5 


0,596 5 


0,596 5 


0,20 


0,603 9 


0,601 2 


0,599 5 


0,598 8 


0.598 2 


0,597 9 


0,597 6 


0,597 1 


0,596 9 


0,596 7 


0,596 6 


0.596 6 


0,22 


0,604 7 


0,601 7 


0,599 9 


0,5992 


0.598 5 


0,598 1 


0,597 9 


0,597 3 


0,597 


0,596 9 


0,596 8 


0,596 8 


0,24 


0,605 6 


0.602 4 


0,600 4 


0,599 6 


0,598 8 


0,598 5 


0,598 2 


0.597 6 


0,597 3 


0,597 


0,597 


0,596 9 


0,26 


0,606 5 


0,603 


0,600 9 


0,600 


0,599 2 


0,598 8 


0,598 5 


0.597 9 


0,597 5 


0,597 3 


0,597 2 


0.597 1 


0,28 


0,607 5 


0.603 8 


0,601 4 


0,600 5 


0.599 7 


0,599 2 


0,598 9 


0,598 2 


0,597 8 


0,597 5 


0,597 4 


0.597 4 


0,30 


0,608 6 


0,604 6 


0,602 1 


0,601 1 


0.600 2 


0,599 7 


0,599 3 


0,598 5 


0,598 1 


0,597 8 


0,597 7 


0,597 6 


0,32 


0,609 8 


0,605 4 


0,602 8 


0,601 7 


0,600 7 


0,600 2 


0,599 8 


0.598 9 


0,598 5 


0,598 1 


0,598 


0,597 9 


0,34 


0,611 1 


0.606 4 


0,603 5 


0,602 4 


0,601 3 


0,600 7 


0,600 3 


0.599 4 


0.598 8 


0;598 4 , 


0,598 3 


0,598 2 


0,36 


0,612 5 


0,607 5 


0,604 3 


0,603 1 


0.601 9 


0,601 3 


0,600 8 


0,599 8 


0,599 3 


0,598 8 


0,598 6 


0,598 5 


0,38 


0,614 1 


0,608 6 


0,605 2 


0,603 9 


0,602 6 


0,602 


0,601 5 


0.600 4 


0,599 7 


0,599 2 


0,599 


0,598 8 


0,40 


0,615 7 


0,609 9 


0,606 2 


0,604 8 


0,603 4 


0,602 7 


0,602 1 


0.600 9 


0,600 2 


0,599 6 


0,599 4 


0,599 2 


0,42 


0,617 6 


0,6112 


0,607 3 


0,605 7 


0,604 2 


0,603 5 


0,602 9 


0,601 5 


0,600 8 


0,600 1 


0.599 8 


0,599 6 


0,44 


0,619 6 


0,612 7 


0>608 4 


0,606 7 


0.605 1 


0,604 3 


0,603 6 


0,602 2 


0,601 3 


0,600 5 


0.600 2 


0,600 


0.46 


0,621 7 


0,614 2 


0,609 7 


0.6078 


0.606 1 


0,605 2 


0.604 4 


0,602 9 


0,601 9 


0,601 


0,600 7 


0,600 3 


0,48 : 


0,624 1 


0,615 9 


0.611 


0,609 


0,607 1 


0,606 1 


0,605 3 


0,603 6 


0,602 5 


0,601 5 


0,601 1 


0.600 7 


0,50 


0,626 6 


0,617 7 


0,612 4 


0,610 2 


0,6081 


0,607 1 


0,606 2 


0.604 3 


0,603 1 


0,602 


0,601 6 


0.601 1 


0,51 


0,627 9 


0,618 7 


0,613 1 


0,610 8 


0,608 7 


0,607 6 


0.606 7 


0,604 7 


0,603 4 


0,602 3 


0,601 8 


0.601 3 


0,52 


0,629 3 


0,619 7 


0,613 8 


0,611 5 


0,609 2 


0,608 1 


0.607 1 


0,605 1 


0,603 8 


0,602 5 


0,602 


0.601 5 


0,53 


0,630 7 


0,620 7 


0.614 6 


0,6121 


0,609 8 


0,608 6 


0,607 6 


0,605 4 


0,604 1 


0,602 8 


0,602 2 


0,601 7 


0,54 


0,632 2 


0,621 7 


0,615 3 


0,612 8 


0,610 4 


0,609 1 


0.608 1 


0,605 8 


0,604 4 


0,603 


0,602 4 


0,601 8 


0,55 


— 


0,622 7 


0,616 1 


0,613 5 


0,610 9 


0,609 7 


0.608 5 


0,606 2 


0,604 7 


0.603 2 


0,602 6 


0,602 


0,56 


— 


0.623 8 


0.616 9 


0,614 1 


0,611 5 


0,610 2 


0,609 


0,606 5 


0,605 


0.603 4 


0,602 8 


0,602 1 


0,57 


— 


0,624 9 


0.617 7 


0,614 8 


0,612 1 


0,610 7 


0,609 5 


0,606 9 


0,605 2 


0,603 6 


0,602 9 


0,602 2 


0,58 


— 


0,626 


0,618 5 


0,615 5 


0,612 7 


0,611 2 


0.610 


0,607 2 


0,605 5 


0,603 8 


0,603 1 


0.602 3 


0,59 


— 


0.627 1 


0.619 3 


0.616 2 


0.613 2 


0,611 7 


0,610 4 


0,607 6 


0.605 8 


0.604 


0,603 2 


0,602 4 


0,60 


— 


0.628-3 


0,620 1 


0,616 9 


0.613 8 


0,612 2 


0,610 8 


0,607 9 


0,606 


0,6041 


0,603 3 


0,602 5 


0,61 


— 


0.629 4 


0,620 9 


0,617 6 


0,614 3 


0.612 7 


0,611 3 


0,608 2 


0.606 2 


0,604 2 


0,603 3 


0,602 5 


0,62 


— 


0.630 6 


0,621 8 


0,618 2 


0,614 9 


0,613 2 


0,6117 


0,608 5 


0.606 4 


0,604 3 


0,603 3 


0,602 4 


0,63 


— 


0,631 8 


0,622 6 


0,618 9 


0,615 4 


0,613 6 


0,612 


0,608 7 


0,606 5 


0,604 3 


0,603 3 


0,602 4 


0;64 


— 


0,632 9 


0,623 3 


0.619 5 


0,615 9 


0,614 


0,612 4 


0.608 9 


0.606 6 


0,604 3 


0.603 3 


0.602 2 


0,65 


— 


0,634 1 


0,624 1 


0,620 1 


0.616 3 


0,614 4 


0,612 7 


0,609 1 


0.606 7 


0,604 2 


0,603 1 


0,602 1 


0,66 


— 


0,635 3 


0,624 9 


0,620 7 


0,616 8 


0,614 8 


0,613 


0.609 2 


0.606 7 


0,604 1 


0,603 


0,601 9 


0,67 


— 


0,636 4 


0,625 6 


0,621 2 


0,617 2 


0,615 1 


0,613 2 


0.609 2 


0,606 6 


0,604 


0,602 8 


0,601 6 


8,68 


— 


0,637 5 


0,626 3 


0,621 8 


0,617 5 


0,615 3 


0,613 4 


0,609 3 


0,6065 


0,603 7 


0,602 5 


0,601 2 


0,69 


— 


0,638 7 


0,626 9 


0,622 2 


0,617 8 


0,615 5 


0,613 5 


0,609 2 


0,606 3 


0,603 4 


0,602 1 


0,600 8 


0.70 


— 


0,639 7 


0,627 5 


0,622 6 


0,618 


0,615 7 


0,613 6 


0.609 1 


0,606 1 


0,603 1 


0.601 6 


0,600 3 


0,71 


— 


0,640 8 


0,628 


0.623 


0,618 2 


0,615 7 


0,613 6 


0.608 9 


0,605 8 


0,602 6 


0.601 1 


0,599 7 


0,72 


— 


0,6418 


0,628 5 


0,623 3 


0,618 3 


0,615 7 


0,613 5 


0,608 6 


0,605 4 


0,602 


0.600 5 


0,599 


0.73 


— 


0,642 8 


0.629 


0,623 5 


0,618 3 


0,615 7 


0.613 3 


0,608 3 


0,604 9 


0,601 4 


0,599 8 


0,598 2 


0,74 


— 


0,643 7 


0.629 3 


0,623 6 


0,618 3 


0.615 5 


0,613 1 


0,607 8 


0,604 3 


0.600 6 


0,598 9 


0,597 3 


0,75 


— 


0,644 5 


0,629 6 


0,623 7 


0,618 1 


0.615 3 


0.612 7 


0,607 2 


0,603 6 


0.599 8 


0.598 


0,596 2 


NOTE This 


table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not penttitted. | 
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Table 13 Orifice Plate with Flange Tappings — Discharge Coefficient, C, 

for Z?=150mm 



Diam- 
eter 
ratio 


Discharge coefficient, C, lor Rep equal to 


P 


5x10^ 


1x10* 


2x10* 


3x10* 


5x10* 


7x10* 


1x10' 


3x10* 


1x108 


1x10^ 


1x10» 


00 


0.10 


0.600 5 


0.598 8 


0,597 8 


0.597 4 


0,597 1 


0,596 9 


0,596 7 


0,596 5 


0.596 3 


0,596 2 


0,596 2 


0,596 2 


0,12 


0,601 2 


0.599 3 


0,598 1 


0,597 7 


0,597 3 


0,597 1 


0,596 9 


0.596 6 


0,596 4 


0,596 3 


0,596 3 


0,596 3 


0,14 


0,601 8 


0,599 8 


0,598 5 


0,598 


0.597 5 


0,597 3 


0,597 1 


0,596 7 


0,596 5 


0,596 4 


0,596 4 


0,596 4 


0,16 


0,602 5 


0.600 2 


0,598 8 


0,598 2 


0,597 7 


0,597 5 


0.597 3 


0.596 9 


0,596 6 


0,596 5 


0,596 5 


0,596 5 


0,18 


0,603 3 


0,600 7 


0,599 2 


0,598 6 


0,598 


0,597 7 


0,597 5 


0.597 


0,596 8 


0,596 7 


0,596 6 


0,5966 


0,20 


0,604 1 


0,601 3 


0,5996 


0.598 9 


0,698 3 


0,598 


0,597 7 


0,597 2 


0,597 D 


0,596 8 


0,596 8 


0,596 7 


0,22 


0.604 9 


0.601 9 


0,600 


0.599 3 


0,598 6 


0,598 3 


0,598 


0.597 5 


0,597 2 


0,597 


0,596 9 


0,596 9 


0,24 


0,605 7 


0,602 5 


0,600 5 


0.599 7 


0,599 


0,598 6 


0,598 3 


0,597 7 


0,597 4 


0,597 2 


0,597 1 


0,597 1 


0,26 


0,606 7 


0,603 2 


0.601 1 


0,600 2 


0,599 4 


0,599 


0,598 7 


0.598 


0,597 7 


0,597 4 


0,597 4 


0,597 3 


0,28 


0,607 7 


0,603 9 


0.601 6 


0.600 7 


0,599 8 


0,599 4 


0,599 1 


0,598 4 


0,598 


0,597 7 


0,597 6 


0,597 5 


0,30 


0,608 8 


0,604 8 


0.602 3 


0,601 3 


0,600 3 


0,599 9 


0,599 5 


0,598 7 


0,598 3 


0,598 


0,597 9 


0,597 8 


0,32 


0.610 


0,605 6 


0.603 


0.601 9 


0,600 9 


0,600 4 


0.600 


0,5991 


0,598 7 


0,598 3 


0,598 2 


0,598 1 


0,34 


0.611 3 


0,606 6 


0.603 7 


0,602 6 


0,601 5 


0,600 9 


0,600 5 


0.599 6 


0,599 


0,598 6 


0.598 5 


0,598 4 


0.36 


0.612 7 


0,607 7 


0,804 5 


0,603 3 


0.602 1 


0,601 5 


0,601 


0,600 


0,599 5 


0,599 


0.598 8 


0,598 7 


0,38 


0,614 3 


0,6088 


0,605 4 


0,6041 


0,602 8 


0,602 2 


0.601 7 


0,600 6 


0,599 9 


0,599 4 


0,599 2 


0,599 


0,40 


0,616 


0,610 1 


0,606 4 


0,605 


0,603 6 


0,602 9 


0,602 3 


0,601 1 


0,600 4 


0,599 8 


0,599 6 


0,5994 


0,42 


0,617 8 


0,6114 


0,607 5 


0,605 9 


0,604 4 


0,603 7 


0,603 


0,601 7 


0,600 9 


0,600 2 


0,600 


0,599 7 


0,44 


0,619 8 


0,612 8 


0,608 6 


0,606 9 


0,6053 


0,604 5 


0,603 8 


0,602 3 


0,601 5 


fl,600 7 


0,600 4 


0.600 1 


0,46 


— 


0.6144 


0,609 8 


0,607 9 


0,606 2 


0,605 3 


0,604 6 


0,603 


D,602 


0,601 1 


0,600 8 


0.600 5 


0,48 


— 


0.616 


0,611 1 


0,609 1 


0,607 2 


0,606 2 


0,605 4 


0,603 6 


0,602 6 


0,601 6 


0,601 2 


0.600 8 


0,50 


— 


0.617 8 


0,612 4 


0,610 2 


0,608 2 


0,607 1 


0,606 2 


0,604 3 


0,603 1 


0,602 1 


0,601 6 


0,601 2 


0,51 


— 


0,618 7 


0,613 1 


0,610 8 


0.608 7 


0,607 6 


0,606 7 


0,604 7 


0,603 4 


0,602 3 


0,601 8 


0,601 3 


0,52 


— 


0.619 7 


0,613 8 


0,6114 


0.609 2 


0,608 1 


0,607 1 


0,605 


0,603 7 


0,602 5 


0,602 


0,6Ci1 5 


0,53 


— 


0.620 6 


0,614 5 


0,612 1 


0.609 7 


0,6086 


0,607 5 


0,605 4 


0,6040 


0,6027 


0,602 1 


0,6016 


0,54 


— 


0.621 6 


0.615 3 


0,612 7 


0,610 3 


0,609 


0,608 


0,605 7 


0,604 2 


0,602 9 


0,602 3 


0,601 7 


0.55 


— 


0,622 6 


0,616 


0,613 3 


0,610 8 


0,609 5 


0,608 4 


0,6060 


0,604 5 


0,603 1 


0,602 4 


0,601 8 


0,56 


— 


0,623 7 


0,616 7 


0.614 


0,6113 


0,610 


0,608 8 


0,606 3 


0,604 7 


0,603 2 


0,602 5 


0,601 9 


0,57 


— 


0,624 7 


0,617 5 


0,614 6 


0,611 9 


0,610 5 


0,609 2 


0,606 6 


0,605 


0,603 4 


0,602 6 


0,602 


0,58 


— 


0,625 8 


0,618 2 


0,615 2 


0,612 4 


0,610 9 


0,609 6 


0,606 9 


0,605 2 


0,603 5 


0.602 7 


0,602 


0,59 


— 


0,626 9 


0,619 


0,615 9 


0,612 9 


0,6114 


0,610 


0,607 2 


0,605 4 


0,603 6 


0.602 8 


0,602 


0,60 


— 


0,628 


0,619 8 


0,616 5 


0,613 4 


0,611 8 


0,610 4 


0,607 4 


0,605 5 


0,603 6 


0,602 8 


0,602 


0,61 


— 


0,629 


0,620 5 


0,617 1 


0,613 8 


0,612 2 


0,610 7 


0,607 6 


0,605 6 


*0,603 7 


0,602 8 


0,601 9 


0,62 


— 


0,630 1 


0,621 2 


0,617 7 


0,614 3 


0,612 6 


0,611 1 


0,607 8 


0,605 7 


0,603 6 


0,602 7 


0,601 8 


0,63 


— 


— 


0,621 9 


0,618 2 


0,614 7 


0,612 9 


0,611 4 


0,608 


0,605 8 


0.603 6 


0,602 6 


0,601 6 


0,64 


— 


— 


0,622 6 


0,618 8 


0,615 1 


0,613 2 


0,611 6 


0,608 1 


0,605 8 


0,603 5 


0,602 4 


0,601 4 


0,65 


— " 


— 


0.623 3 


0,619 3 


0.615 5 


0,613 5 


0,611 8 


0,608 1 


0,605 7 


0,603 3 


0,602 2 


0,601 1 


OJ56 


— 


— 


0,623 9 


0,619 7 


0,615 8 


0,613 8 


0,612 


0,608 1 


0,605 6 


0,603 1 


0,601 9 


0,600 8 


0,67 


— 


— 


0,624 5 


0.620 2 


0,616 


0,613 9 


0,612 1 


0,608 1 


0,605 4 


0,602 8 


0,601 6 


0.600 4 


0,68 


— 


— 


0,6251 


0.620 5 


0,616 2 


0,614 


T),612 1 


0,607 9 


0,605 2 


0,602 4 


0,601 1 


0,599 9 


0,69 


— 


— 


0,625 6 


0.620 9 


0.616 4 


0,6141 


0,612 1 


0,607 7 


0.604 9 


0,601 9 


0,6006 


0,599 3 


0.70 


— 


— 


0,626 


0.621 1 


0,616 5 


0,6141 


0,612 


0,607 4 


0.604 4 


0,601 4 


0.600 


0,598 6 


0,71 


— 


_ 


0,626 4 


0,621 3 


0,616 5 


0,614 


0,611 8 


0,607 1 


0,603 9 


0,600 7 


0,599 3 


0,597 8 


0,72 


— 


. — 


0.6267 


0,621 4 


0,6164 


0,613 8 


0,611 5 


0.606 6 


0,603 3 


0,6000 


0.598 4 


0,596 9 


0,73 


— 


__ 


0.626 9 


0,621 4 


0,616 2 


0,613 5 


0,611 1 


0.606 


0,602 6 


0,599 1 


0,597 5 


0,595 9 


0,74 


— 


— 


0.627 1 


0,621 3 


0,615 9 


0,613 1 


0,610 6 


0.605 3 


0,601 7 


0,598 1 


0,5964 


0,594 7 


0,75 


— 


— 


0.627 1 


0,621 1 


0,615 4 


0,612 5 


0,610 


0,604 4 


0,600 7 


0,596 9 


0,595 1 


0,593 4 


NOTE This 


table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not permitted. | 
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Table 14 Orifice Plate with Flange Tappings — Discharge Coefficient, C, 

for Ds 200 mm 



Diam- 










eter 
ratio 






1 


Sischarge coefFicient, C, for Re[^ equal to 


5x10^ 


1x10* 


2x10* 


3x10* 


5x10* 


7x10* 


1x10* 


3x10* 


1x10« 


1x10^ 


1x10* 


00 


0,10 


0.600 5 


0.598 9 


0,597 9 


0,597 5 


0,597 1 


0,596 9 


0.5968 


0,596 5 


0,596 3 


0.596 3 


0,596 2 


0,596 2 


0,12 


0.601 2 


0,599 3 


0,598 2 


0,597 7 


0,597 3 


0,597 1 


0,596 9 


0,596 6 


0.596 4 


0.596 3 


0,596 3 


0,596 3 


0.14 


0.601 9 


0,599 8 


0.598 5 


0,598 


0,597 5 


0,597 3 


0.597 1 


0,596 7 


0,596 6 


0,596 4 


0,596 4 


0.596 4 


0,16 


0.602 6 


0,600 3 


0,698 9 


0,598 3 


0,597 8 


0,597 5 


0.597 3 


0,596 9 


0,596 7 


0.596 6 


0,596 5 


0.596 5 


0,18 


0.603 3 


0,600 8 


0,599 3 


0,598 6 


0,598 1 


0,597 8 


0.597 5 


0,597 1 


0,596 9 


0,596 7 


0,596 7 


0,596 7 


0.20 


0,604 1 


0,601 4 


0,599 7 


0,599 


0,598 4 


0,598 1 


0,597 8 


0,597 3 


0,597 1 


0.596 9 


0,596 8 


0,596 8 


0,22 


0.605 


0,602 


0.6001 


0,5994 


0,598 7 


0.5984 


0,598 1 


0,597 6 


0,597 3 


0,597 1 


0,597 G 


0,5970 


0,24 


0,605 8 


0,602 6 


0,600 6 


0,599 8 


0.599 1 


0,598 7 


0,598 4 


0,597 8 


0,597 5 


0.597 3 


0,597 2 


0,597 2 


0,26 


0,606 8 


0,603 3 


0,601 1 


0,600 3 


0.599 5 


0,599 1 


0,598 8 


0,5981 


0,597 8 


0,597 5 


0,597 5 


0,597 4 


0,28 


0.607 8 


0,6041 


0,6017 


0,600 8 


0,600 


0,599 5 


0,599 2 


0,598 5 


1),598 1 


0,597 8 


0,597 7 


0.597 6 


0,30 


0,608 9 


0,604 9 


0,602 4 


0,601 4 


0,600 5 


0,600 


0,599 6 


0,5988 


0,5984 


0.598 1 


0,598 


0.597 9 


0,32 


0,610 1 


0,605 8 


0,603 1 


0,602 


0.601 


0,600 5 


0,600 1 


0,599 2 


0,598 8 


0.598 4 


0,598 3 


0.598 2 


0,34 


0,6114 


0.606 7 


0,603 8 


0,602 7 


0,601 6 


0,601 1 


0,600 6 


0,599 7 


0,599 2 


0.598 7 


0,598 6 


0.598 5 


0,36 


0,612 8 


0,607 8 


0,604 7 


0,603 4 


0,602 2 


0,601 7 


0,601 2 


0,600 2 


0.599 6 


0.599 1 


0,598 9 


0.598 8 


0,38 


0,614 4 


0,608 9 


0,605 6 


0,604 2 


0,602 9 


0,602 3 


0,601 8 


0.600 7 


0.600 


0,599 5 


0.5993 


0.599 1 


0,40 


— 


0.610 2 


0,606 5 


0,605 1 


0.603 7 


0,603 


0.6024 


0.601 2 


0,600 5 


0,599 9 


0,599 7 


0,599 5 


0,42 


— 


0.611 5 


0,607 6 


0,606 


0,604 5 


0,603 8 


0,603 1 


0,601 8 


0,601 


0,600 3 


0,6001 


0,599 8 


0,44 


— 


0.612 9 


0,608 7 


0.607 


0,605 4 


0,604 5 


0,603 8 


0.602 4 


0,601 5 


0,600 8 


0,600 4 


0,600 2 


0,46 


— 


0.614 5 


0,609 9 


0,608 


0,606 3 


0,6054 


0,604 6 


0.603 


0.602 1 


0,601 2 


0.600 8 


0,600 5 


0,46 


— 


0.616 1 


0,811 1 


0,609 1 


0,607 2 


0,606 2 


0,605 4 


0.603 7 


0,602 6 


0,601 6 


0,6012 


0,600 9 


0,50 


— 


0.617 9 


0,612 4 


0,610 2 


0,608 2 


0,607 1 


0,606 2 


0.604 3 


0.603 2 


0,602 1 


0.601 6 


0,601 2 


0,51 


— 


0,618 8 


0,613 1 


0.610 8 


0,608 7 


0,607 6 


0,606 7 


0,604 7 


0,603 4 


0,602 3 


0.601 8 


0,601 3 


0,52 


— 


0,619 7 


0,613 8 


0,6114 


0,609 2 


0,608 1 


0,607 1 


0,605 


0,603 7 


0,602 5 


0,601 9 


0,601 4 


0,53 


— 


0,620 6 


0,614 5 


0,6120 


0,609 7 


0,608 5 


0,607 5 


0.605 3 


0,603 9 


0,602 6 


0,602 1 


0,601 5 


0,54 


— 


0,621 6 


0,615 2 


0,612 6 


0,610 2 


0,609 


0,607 9 


0.6056 


0,604 2 


0,602 8 


0,602 2 


0,601 6 


0,55 


— 


— 


0,615 9 


0,613 2 


0,610 7 


0,609 4 


0,608 3 


0.605 9 


0,604 4 


0,603 


0.602 3 


0,601 7 


0,56 


— 


— 


0.616 6 


0.613 8 


0,6112 


0,609 9 


0.608 7 


0,606 2 


0,604 6 


0,603 1 


0.602 4 


0,601 8 


0.57 


— 


— 


0,617 4 


0.614 5 


0,6117 


0,610 3 


0,609 1 


0.606 5 


0,604 8 


0,603 2 


0.602 5 


0,601 8 


0,58 


— 


— 


0,618 1 


0,615 1 


0,612 2 


0,610 7 


0,609 4 


0,606 7 


0,605 


0.603 3 


0,602 5 


0,601 8 


0.59 


— 


— 


0,618 8 


0,615 6 


0,612 7 


0,611 1 


0,609 8 


0,607 


0,605 1 


0.603 3 


0,602 5 


0,601 8 


0,60 


— 


— 


0,619 5 


0,616 2 


0,613 1 


0,6115 


0,610 1 


0,607 2 


0,605 2 


0,6034 


0,602 5 


0,601 7 


0,61 


„ 


— 


0,620 2 


0,616 8 


0,613 5 


0,611 9 


0,610 4 


0,607 3 


0,605 3 


0,603 3 


0.602 4 


0,601 6 


0,62 


— 


— 


0,620 9 


0,617 3 


0,613 9 


0,612 2 


0,610 7 


0,6075 


0,605 3 


0,603 3 


0,602 3 


0.6014 


0,63 


— 


— 


0,621 6 


0,617 8 


0,614 3 


0,612 5 


0,610 9 


0,607 6 


0,605 3 


0,603 2 


0,602 2 


0,601 2 


0,64 


— 


_ 


0.622 2 


0,618 3 


0,614 7 


0,612 8 


0,611 1 


0,6076 


0,605 3 


0,603 


0,601 9 


0.600 9 


0,65 


— 


— 


0,622 8 


0,618 8 


0,615 


0,613 


0,611 3 


T),607 6 


0,605 2 


0,602 8 


0,601 6 


0.600 6 


0,66 


— 


— 


0,623 4 


0,619 2 


0,615 2 


0,613 2 


0,6114 


0,607 5 


0,605 


0.602 5 


0,601 3 


0,600 2 


0,67 


— 


— 


0,623 9 


0,619 5 


0,615 4 


0,613 3 


0.6114 


0,6074 


0,604 7 


0.602 1 


0,600 9 


0.599 7 


0,68 


— 


— 


0,624 4 


0,619 8 


0.615 5 


0.613 3 


0,611 4 


0,607 2 


0,604 4 


0.601 6 


0.600 3 


0.599 1 


0,69 


— 


— 


0,624 8 


0,620 1 


0,615 6 


0.613 3 


0,611 2 


0,606 9 


0.604 


0.601 1 


0,599 7 


0.598 4 


0,70 


__ 


— 


0,625 2 


0,620 2 


0,615 5 


0,613 1 


0,611 


0,606 5 


0.603 5 


0.600 4 


0,599 


0.597 6 


0,71 


— 


— 


0,625 5 


0,620 3 


0,615 4 


0,612 9 


0,610 7 


0,606 


0,602 8 


0.599 6 


0,598 2 


0.596 7 


0,72 


— 


— 


0,625 7 


0.620 3 


0,615 2 


0,612 6 


0,610 3 


0,605 4 


0,602 1 


0.598 8 


0,597 2 


0,5957 


0,73 


— 


— 


0,625 8 


0,620 2 


0,614 9 


0,612 2 


0,609 8 


0,604 7 


0,601 2 


0.597 7 


0,596 1 


0,594 5 


-0,74 


— 


— 


0,625 8 


0,619 9 


0,614 5 


0,611 6 


0,609 2 


0,603 8 


0.600 2 


0,596 6 


0,594 9 


0.593 2 


0,75 


— 


— 


0,625 6 


0,619 6 


0,613 9 


0,611 


0,608 4 


0.602 8 


0.599 1 


0.595 3 


0,593 5 


0,591 7 


j NOTE This 


table is give 


n for convenience. The v 


alues given are not intended for precise interpolation. Extrapolation is not permitted. | 
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Tabte 15 Orifice Plate with FlangeTappings — Discharge Coefficient, C, 

for D = 250 mm 



Diam- 
eter 
ratio 


Discharge coefficient, C, for Rej^ equal to 


fi 


5x10^ 


1 X 10* 


2x10* 


3x10* 


5x10* 


7x10* 


1x10* 


3x10' 


1x10* 


ixTO^ 


1x10» 


CO 


0,10 


0,600 5 


0,598 9 


0,597 9 


0,597 5 


0,597 1 


0.595 9 


0,596 8 


0,596 5 


0,5964 


0,596 3 


0,596 3 


0,596 3 


0,12 


0,601 2 


0.599 4 


0,598 2 


0,597 7 


0,597 3 


0.597 1 


0,597 


0,596 6 


0,5965 


0,596 4 


0,5963 


0,596 3 


0,14 


0,601 9 


0,599 8 


0,598 5 


0,598 


0,597 6 


0,597 3 


0,597 1 


0,5968 


0,5966 


0,596 5 


0,596 5 


0,596 4 


0,16 


0,602 6 


0,600 3 


0.598 9 


0,598 3 


0.5978 


0,597 6 


0,597 4 


0,596 9 


0,5967 


0,596 6 


0,596 6 


0,596 6 


0,18 


0,603 4 


0,600 9 


0.599 3 


0,598 7 


0.598 1 


0,597 8 


0,597 6 


0,597 1 


0,5969 


0,596 8 


0,596 7 


0,596 7 


0,20 


0,604 2 


0.601 4 


0,599 7 


0,599 


0,598 4 


0,598 1 


0,597 9 


0,597 4 


0,5971 


0,596 9 


0,596 9 


0,596 9 


0,22 


0,605 


0.602 


0.600 2 


0,599 4 


0.598 8 


0.598 4 


0,598 1 


0,597 6 


0,5973 


0,597 1 


0,597 1 


0,597 1 


0,24 


0.605 9 


0.602 7 


0.600 7 


0,599 9 


0.599 1 


0,598 8 


0,598 5 


0.597 9 


0,5976 


0,597 4 


0,597 3 


0,597 3 


0,26 


0.606 8 


0,1603 4 


0.601 2 


0.600 4 


0,599 6 


0,599 2 


0,598 8 


0,598 2 


0,5978 


0,597 6 


0,597 5 


0,597 5 


0,28 


0,607 9 


0,604 1 


0.601 8 


0,600 9 


0,600 


0,599 6 


0,599 2 


0.598 5 


0,5981 


0,597 9 


0,597 8 


0,597 7 


0,30 


0.609 


0,604 9 


0.602 5 


0,601 5 


0,600 5 


0,600 1 


0,599 7 


0,598 9 


0,5985 


0,598 2 


0,598 1 


0,598 


0,32 


0.610 2 


0;605 8 


0,603 2 


0.602 1 


0,601 1 


T),600 6 


0,600 2 


0,599 3 


0,5988 


0,598 5 


0,598 4 


0,598 3 


0,34 


0,611 5 


0,606 8 


0,603 9 


0,602 8 


0,601 7 


0,601 1 


0,600 7 


0,599 8 


0,5992 


0,598 8 


0,598 7 


0,598 6 


0,36 


— 


0,607 9 


0.604 7 


0,603 5 


0,602 3 


0,601 7 


0,601 2 


0.600 2 


0,5997 


0,599 2 


0,599 


0,598 9 


0,38 


— 


0.609 


0;605 6 


0,604 3 


0,603 


0,602 4 


0,601 8 


0.600 7 


0,6001 


0,599 6 


0,599 4 


0,599 2 


0,40 


— 


0,610 2 


0,606 6 


0,605 1 


0,603 8 


0,603 1 


0,602 5 


0,601 3 


0,6006 


0,600 


0,599 7 


0,599 5 


0,42 


— 


0,6116 


0,607 6 


0,606 1 


0,604 6 


0,603 8 


0.6032 


0.601 9 


0,6011 


0,600 4 


0,600 1 


0,599 9 


0,44 


— 


0,613 


0.608 7 


0,607 


0,605 4 


0,604 6 


0.603 9 


0,602 5 


0,6016 


0,600 8 


0,600 5 


0,600 2 


0,46 


— 


0,614 5 


0,609 9 


0,608 1 


0,606 3 


0,605 4 


0,604 7 


0,603 1 


0,6021 


0,601 2 


0,600 9 


0,600 6 


0,48 


— 


0.616 2 


0,611 2 


0,609 1 


0,607 2 


0.606 3 


0,605 5 


0,603 7 


0,6026 


0,601 7 


0,601 3 


0,6009 


0,50 


— 


— 


0.612 5 


0,610 3 


0,608 2 


0,607 2 


0.606 3 


0,604 4 


0,6032 


0,602 1 


0,601 6 


0,601 2 


0,51 


— 


— 


0,613 1 


0,610 8 


0,608 7 


0.607 6 


0,606 7 


0,604 7 


0.6034 


0,602 3 


0,601 8 


0.601 3 


0,52 


— 


— 


0,613 8 


0,6114 


0,609 2 


0,608 1 


0,607 1 


0,605 


0,6037 


0,602 4 


0,601 9 


0.6014 


0,53 


— 


— 


0,614 5 


0,612 


0,609 7 


0,608 5 


0,607 5 


0,605 3 


0,6039 


0,602 6 


0,602 1 


0,601 5 


0,54 


— 


— 


0.615 2 


0,612 6 


0,610 2 


0,608 9 


0,607 9 


0,605 6 


0,6041 


0,602 8 


0,602 2 


0.601 6 


0,55 


— 


— 


0,615 9 


0,613 2 


0,610 7 


0,609 4 


0,608 3 


0,605 9 


0,6044 


0,602 9 


0,602 3 


0.601 7 


0,56 


— 


_ 


0.616 6 


0,613 8 


0,611 2 


0,609 8 


0,608 6 


0,606 1 


0,6045 


0,603 


0,602 3 


0,601 7 


0,57 


— 


— 


0.617 3 


0,614 4 


0,611 6 


0,6T0 2 


0,609 


0,606 4 


0,6047 


0,603 1 


0,602 4 


0.601 7 


0,58 


— 


— 


0,618 


0,615 


0,612 1 


0,610 6 


0,609 3 


0,606 6 


0,6049 


0,603 2 


0,602 4 


0.601 7 


0,59 


— 


— 


0,618 7 


0.615 5 


0,612 5 


0,6110 


0,609 7 


0,606 8 


0,6050 


0,603 2 


0,602 4 


0,601 6 


0,60 


— 


__ 


0,619 4 


0,616 1 


0,613 


0,6114 


0,610 


0,607 


0,6051 


0,603 2 


0,602 3 


0,601 5 


0,61 


— 


— 


0,620 1 


0,616 6 


0,613 4 


0,6117 


0,610 3 


0,607 1 


0,6051 


0,603 1 


0.602 3 


0,601 4 


0,62 


— 


— 


0,620 7 


0,617 1 


0,613 8 


0,612 


0,610 5 


0,607 2 


0,6051 


0,603 1 


0.602 1 


0,601 2 


0,63 


„ 


— 


0,621 4 


0,617 6 


0,614 1 


0,612 3 


0,6t0 7 


0,607 3 


0,6051 


0.602 9 


0,601 9 


0.601 


0.64 


— 


— 


0,622 


0,6181 


0,614 4 


0,612 5 


0.610 9 


0.607 3 


0,6050 


0,6027 


0,601 7 


0,600 6 


0,65 


— - 


— 


0,622 6 


0,618 5 


0,614 7 


0,612 7 


0.611 


0,607 3 


0,6048 


0,602 4 


0,601 3 


0,600 3 


0.66 


— 


— 


0,623 1 


0,618 9 


0.614 9 


0,612 8 


0,6110 


0,607 2 


0,6046 


0,602 1 


0,600 9 


0,599 8 


0,67 


__ 


— 


0,623 6 


0.619 2 


0,615 


0,612 9 


0.6110 


0,607 


0,6043 


0,601 7 


0,600 4 


0,599 3 


0,68 


— 


— 


0,624 


0,619 4 


0,615 1 


0,612 9 


0,610 9 


0,606 7 


0,6039 


0,601 2 


0,599 9 


0,598 6 


. 0,69 


— 


— 


— 


0.619 6 


0,615 1 


0,612 8 


0,610 7 


0,606 4 


0,6035 


0,600 5 


0,599 2 


0,597 9 


0,70 


— 


— 


— 


0.619 7 


0,615 


0.612 6 


0,610 5 


TD,605 9 


0.6029 


0,599 8 


0,598 4 


0,597 


0,71 


— 


— 


— 


0.619 7 


0,614 8 


0,612 3 


0,610 1 


0,605 4 


0.6022 


0,599 


0,597 5 


0,596 1 


0,72 


— 


— 


— 


0,619 6 


0,614 5 


0,611 9 


0,609 6 


0,604 7 


0,6014 


0,598 


0,596 5 


0,595 


0.73 


— 


— 


— 


0,619 4 


0,614 1 


0,611 4 


0,609 


0.603 9 


0,6004 


0,596 9 


0,595 3 


0,593 7 


0,74 


— 


_ 


— 


0,619 1 


0,613 6 


0,610 8 


0,608 3 


0.602 9 


0,5994 


0,595 7 


0,594 


0.592 3 


0,75 


— 


— 


— 


0,618 7 


0.613 


0,610 


0,607 4 


0,601 8 


0,5981 


0,594 3 


0,592 5 


0,590 8 


'NOTE This 


table is give 


n for conver 


lience. The values given arenot intended for precise interpolation. Extrapolation is not permitted. | 
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Table 16 Orifice Plate with Flange Tappings — Discharge Coefficient, C, 

for D = 375Tnm 



Diam- 
eter 
ratio 

P 


Discharge coefficient, C, for Re^ equal to 


5 X 10^ 


1x10* 


2 X 10* 


3 X 10* 


5x10* 


7x10* 


1x10' 


3x105 


1x10* 


1x10^ 


1 x10« 


00 


0.10 


0,600 6 


0,598 9 


0,597 9 


0,597 5 


0.597 1 


0.597 


0,596 8 


0,596 5 


0,596 4 


0.596 3 


0,596 3 


0,596 3 


0,12 


0.601 3 


0,5994 


0,598 2 


0,597 8 


0,597 4 


0.597 2 


0,597 


0,596 7 


0.596 5 


0,596 4 


0,596 4 


0,596 4 


0,14 


0.602 


0,599 9 


0,598 6 


0,598 1 


0,597 6 


0.597 4 


0.597 2 


0,596 8 


0.596 6 


0,596 5 


0,596 5 


0,596 5 


0,16 


0,602 7 


0,600 4 


0,599 


0,598 4 


0,597 9 


0.597 6 


0,597 4 


0,597 


0.596 8 


0.596 7 


0,596 6 


0,596 6 


0,18 


0,603 5 


0,600 9 


0,599 4 


0,598 7 


0,598 2 


0.597 9 


0,597 7 


0,597 2 


0.597 


0.596 8 


0,596 8 


0,596 8 


0,20 


0.604 2 


0.601 5 


0,599 8 


0,599 1 


0.598 5 


0,598 2 


0,597 9 


0,597 4 


0.597 2 


0,597 


0,597 


0,596 9 


0,22 


0,605 1 


0.602 1 


0,600 3 


0,599 5 


0,598 8 


0.598 5 


0,598 2 


0,597 7 


0,597 4 


0.597 2 


0,597 2 


0,597 1 


0,24 


0,606 D 


0.602 8 


0,600 8 


0.6000 


0,599 2 


0,598 9 


0,598 6 


0,598 


0.597 7 


0.597 4 


0,597 4 


0,597 3 


0,26 


0,606 9 


0,603 5 


0,601 3 


0,600 5 


0,599 7 


0.599 3 


0.598 9 


0,5983 


0,597 9 


0,597 7 


0,597 6 


0,597 6 


0,28 


0,608 


0,604 2 


0,6019 


0.601 


0,600 1 


0,599 7 


0,599 3 


0,598 6 


0,598 3 


0.598 


0,597 9 


0,597 8 


0,30 


— 


0,605 1 


0,602 6 


0.601 6 


0,600 6 


0,600 2 


0,599 8 


0,599 


0.598 6 


0,598 3 


0,598 2 


0,598 1 


0,32 




0,606 


0,603 3 


0,602 2 


0,601 2 


0.600 7 


0,600 3 


0,599 4 


0,599 


0,598 6 


0,598 5 


0,598 4 


0,34 


— 


0,606 9 


0,604 


0.602 9 


0,601 8 


0,601 3 


0,600 8 


0.5999 


0.599 4 


0.598 9 


0,598 8 


0,598 7 


0,36 


— 


0,608 


0,604 9 


0,603 6 


0,602 4 


0.601 9 


0,601 4 


0.600 4 


0,5998 


0.599 3 


0,5991 


0,599 


0,38 


— 


0,609 1 


0,605 8 


0.604 4 


0,603 1 


0,602 5 


0,602 


0.600 9 


0,600 2 


0,5997 


0,599 5 


0,599 3 


0,40 


— 


— 


0,606 7 


0,605 3 


0,603 9 


0,603 2 


0,602 6 


0.601 4 


0,600 7 


0,6001 


0,599 9 


0,599 7 


0,42 


— 


— 


0,607 8 


0.606 2 


0,604 7 


0,6039 


0,603 3 


0.602 


0,601 2 


0,600 5 


0.600 2 


0,600 


0,44 


— 


— 


0,608 9 


0.607 1 


0,605 5 


0,604 7 


0,604 


0j502 6 


0,601 7 


0,600 9 


0,600 6 


0,600 3 


0,46 


— 


— 


0,610 


0,608 2 


0,606 4 


0,605 5 


0,604 8 


0.603 2 


0,602 2 


0,601 3 


0.601 


0,600 7 


0,48 


— 


— 


0,611 3 


0,609 2 


0,607 3 


0,606 4 


0,605 5 


0.6038 


0,602 7 


0,601 8 


0.601 3 


0,601 


0,50 


— 


— 


0,612 5 


0,610 3 


0,608 3 


0,607 2 


0,606 3 


0.604 4 


0,603 2 


0,602 1 


0,601 7 


0,601 2 . 


0,51 


— 


— 


0,613 2 


0,610 9 


0,608 8 


0,607 7 


0,606 7 


0.604 7 


0,603 5 


0,602 3 


0.601 8 


0,601 4 


0,52 


— 


— 


0,613 9 


0,611 5 


0,609 2 


0,608 1 


0,607 1 


0,605 


0,603 7 


0,602 5 


0,601 9 


0,601 5 


0,53 


— 


— 


0,614 5 


0,612 1 


0,609 7 


0,608 5 


0,607 5 


0.6053 


0,603 9 


0,602 6 


0.602 1 


0,601 5 


0.54 


— 


— 


0,615 2 


0,612 6 


0,610 2 


0,609 


0,607 9 


0,605 6 


0,604 1 


0,602 8 


0,602 2 


0,601 6 


0,55 


_ 


— 


0,615 9 


0,613 2 


0,610 7 


0,609 4 


0,608 2 


0,605 8 


0,604 3 


0.602 9 


0,602 2 


0,601 7 


0,56 


— 




0,616 6 


0,613 8 


0,611 1 


0,609 8 


0,608 6 


0,606 1 


0,604 5 


0.603 


0,602 3 


0,601 7 


0,57 


— 


— 


— 


0,614 4 


0,6116 


0,610 2 


0,6089 


0,606 3 


0,604 7 


0.603 


0,602 3 


0,601 7 


0,58 


— 


— 


— 


0,614 9 


0,612 


0,610 6 


0,609 3 


0,606 5 


0,604 8 


0.603 1 


0,602 3 


0.601 6 


0.59 


— 


— • 


— 


0,615 5 


0,6124 


0,610 9 


0,6096 


0,606 7 


0,604 9 


0.603 1 


0,602 3 


0.601 5 . 


0.60 


— 


— 


— 


0,616 


0,612 8 


0,611 2 


0.609 8 


0,606 9 


0,604 9 


0.603 


0,602 2 


0.601 4 


0,61 


— 


— 


— 


0,616 5 


0,613 2 


0,6116 


0,610 1 


0,607 


0,605 


0.603 


0,602 1 


0.601 2 


0,62 


— 


— 


— 


0,617 0. 


0,613 6 


0,6118 


0,610 3 


0,607 


0,604 9 


0,602 8 


0,6019 


0,601 


0.63 


— 


— 


— 


0,617 4 


0.613 9 


0,612 1 


0.610 5 


0,607 1 


0,604 8 


0,602 6 


0,601" 7 


0.600 7 


0,64 


— 


— 


— 


0,617 8 


0,614 1 


0.612 2 


0,610 6 


0,6070 


0,604 7 


0.602 4 


0,601 4 


0.600 3 


0,65 


— 


— 


— 


0,618 2 


0,614 3 


0,612 4 


0,610 6 


0,606 9 


0,604 5 


0,602 1 


0,601 


0,599 9 


0,66 


— 


— 


— 


0,618 5 


0.614 5 


0,612 4 


0,610 6 


0,606 8 


0,604 2 


0,601 7 


0,600 5 


0,599 4 


0,67 


— 


— 


— 


0,618 8 


0.614 6 


0,612 4 


0,610 6 


0,606 5 


0.603 9 


0,601 2 


0,600 


0,598 8 


0,68 


— 


— 


— 


0,619 


0.614 6 


0,6124 


0,610 4 


0,606 2 


0.603 4 


0,600 6 


0,599 3 


0,598 1 


0,69 


— 


— 


— 


— 


0.614 5 


0,612 2 


0,610 2 


0,605 8 


0,6029 


0,600 


0,598 6 


0,597 3 


0,70 


— 


— 


— 


— 


0,614 4 


0,612 


0,609 8 


0,605 3 


J),602 2 


0,599 2 


0,597 7 


0,596 4 


0,71 


— 


— 


— 


— 


0,614 1 


0,6116 


0,609 4 


0.604 6 


0.601 5 


0,5982 


0,596 8 


0,595 3 


0,72 


— 


— 


— 


— 


0,613 8 


0,6t1 1 


0,608fl 


0,603 9 


0,600 6 


0,597 2 


0,5956 


0,594 1 


0,73 


— 


__ 


_ 


— 


0,613 3 


0,610 5 


0,608 1 


0,602 9 


0,599 5 


0,596 


0,594 4 


0,592 8 


0,74 


— 


— 


— 


— 


0,612 6 


0,6098 


0,607 3 


0.601 9 


0,598 3 


0,594 6 


0.592 9 


0,591 3 


, 0,75 


— 


— 


— 


— 


0.611 9 


0,608 9 


0,606 3 


0.600 7 


0,596 9 


0,593 1 


0.591 3 


0,589 6 


1 NOTE This 


table is give 


n for conven 


ience. The values given 


are not intended for precise interpotation. Extrapolation is not permitted . | 
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Table 17 Orifice Plate with Flange Tappings — Discharge Coefficient, C, 

for D=760mm 



Diam- 
eter 
ratio 


Discharge coefficient, C, tor Rep equal to 


5 X 10* 


1 xlO* 


2x10* 


3x10* 


5x10* 


7 x 10* 


1x10' 


3x10' 


1x10» 


1x10^ 


1x10« 


00 


0,10 


0,600 6 


0,599 


0.597 9 


0,597 5 


0.597 2 


0,597 


0.596 9 


0.596 6 


0,596 4 


0,596 3 


0,5963 


0,596 3 


0,12 


0.601 3 


0,599 4 


0.598 3 


0,597 8 


0,597 4 


0,597 2 


0,597 


0.596 7 


0,596 5 


0,596 4 


0,596 4 


0,596 4 


0.14 


0.602 


0,599 9 


0,598 6 


0,598 1 


0,597 7 


0,597 4 


0,597 2 


0,596 9 


0,596 7 


0,596 6 


0,596 6 


0,596 5 


0,16 


0.602 8 


0,600 5 


0.599 


0,598 5 


0,597 9 


0,597 7 


0,597 5 


0,597 1 


0,596 9 


0,596 7 


0,596 7 


0,596 7 


0,18 


0,603 5 


0,601 


0.599 4 


0,598 8 


0,598 2 


0,598 


0,597 7 


0,597 3 


0,597 


0.5969 


0,596 9 


0.596 8 


0,20 


— 


0,601 6 


0.599 9 


0,599 2 


0,598 6 


0,598 3 


0,598 


0,597 5 


0,597 3 


0,597 1 


0,597 1 


0,597 


0,22 


— 


0,6&2 2 


0,600 4 


0,599 6 


0,598 9 


0,598 6 


0,598 3 


0,597 8 


0,597 5 


0,597 3 


0,597 3 


0,597 2 


0,24 


— 


0,602 9 


0.600 9 


0,6001 


0.599 3 


0,599 


0.598 7 


0,598 1 


0,597 8 


0,597 6 


0,597 5 


0.597 5 


0,26 


— 


0.603 6 


0.6014 


0,600 6 


0,599 8 


0,5994 


0.599 1 


0,598 4 


0,598 1 


0,597 8 


0,597 7 


0,597 7 


0,28 


— 


— 


0,602 


0,601 1 


0,600 3 


0,599 8 


0,599 5 


0,598 8 


0,598 4 


0,598 1 


0.598 


0,598 


0,30 


— 


— 


0,602 7 


0,601 7 


0.600 8 


0.600 3 


0.599 9 


0,599 2 


0,598 7 


0,598 4 


0,598 3 


0.598 2 


0,32 


— 


— 


0,603 4 


0,602 3 


0.601 3 


0,600 8 


0,600 4 


0,599 6 


0,5991 


0.598 7 


0,598 6 


0,598 5 


0,34 


— 


— 


0,604 2 


0,603 


0,602 


0,601 4 


0,601 


0,600 


0,599:5 


0,599 1 


0,599 


0.598 8 


0,36 


— 


— 


0,605 


0,603:8 


0,602 6 


0.602 


0,601 5 


0,600 5 


0,599 9 


0.599 5 


0,599 3 


0.599 2 


0,38 


— 


— 


0,605 9 


0,604 6 


0,603 3 


0,602 7 


0,602 1 


0,601 


0.600 4 


0,599 9 


0,599 7 


0.599 5 


0,40 


— 


— 


— 


0,6054 


0,604 1 


0,603 4 


0,602 8 


0,601 6 


0,600 9 


0,600 3 


0,600 


0,599 8 


0,42 


— 


— 


— 


0,606 4 


0,604 9 


0,604 1 


0,603 5 


0,602 2 


0,601 4 


0,600 7 


0,600 4 


0,600 2 


0,44 


— 


■— 


— 


0,607 3 


0,605 7 


0,604 9 


0,604 2 


0,602 7 


0,601 9 


0.601 1 0,600 8 


0,600 5 


0,46 


— 


— 


— 


0,608 4 


0,606 6 


0,605 7 


0,604 9 


0,603 4 


0,602 4 


0,601 5 


0,601 2 


0,600 8 


0,48 


— 


_ 


— 


0.6094 


0,607 5 


0,606 5 


0,605 7 


0,604 


0,602 9 


0,6019 


0,601 5 


0,601 1 


0.50 


— 


— 


— 


— 


0,6084 


0,607 4 


0,606 5 


0,604 6 


0,603 4 


0,602 3 


0,601 8 


0.601 4 


0.51 


— 


— 


— 


— 


0,608 9 


0,607 8 


0,606 9 


0,604 9 


0,603 6 


0,602 5 


0,602 


0.6015 


0,52 


— 


— 


— 


_ 


0,609 4 


0,608 2 


0,607 3 


0,605 2 


0,603 9 


0,602 6 


0,602 1 


0,601 6 


0.53 


— 


— 


— 


— 


0,609 9 


0,608 7 


0.607 6 


0,605 4 


0.604 1 


0,602 8 


0,602 2 


0,601 7 


0.54 


— 


— 


— 


— 


0,610 3 


0,609 1 


0,608 


0.605 7 


0.604 3 


0,602 9 


0,602 3 


0,601 7 


0,55 


— 


— 


— 


— 


0,610 8 


0,609 5 


0,608 4 


0.606 


0,604 4 


0,603 


0,602 4 


0,601 8 


0,56 


— 


— 


— 


— 


0,6112 


0,609 9 


0,608 7 


0,606 2 


0,604 6 


0,603 1 


0,602 4 


0,601 8 


0,57 


— 


— 


— 


— 


0,6117 


0,610 3 


0,609 


0.606 4 


0,604 7 


0,603 1 


0,602 4 


0,601 7 


0,58 


— 


— 


— 


— 


0,612 1 


0,610 6 


0,609 3 


0,606 6 


0,604 8 


0,603 1 


0,602 4 


0,601 7 


0,59 


— 


— 


— 


— 


0,612 6 


0.611 


0,609 6 


0,606 8 


0,604 9 


0,603 1 


0,602 3 


0,601 6 


0,60 


— 


— 


— 


— 


0,612 9 


0,611 3 


0.609 9 


0,606 9 


0,605 


0,603 1 


0,602 2 


0,601 4 


0.61 


— 


— 


— 


— 


0,613 2 


0,611 6 


0.610 1 


0,607 


0,605 


0,603 


0,602 1 


0,601 2 


0,62 


— 


— 


— 


_ 


0,6136 


0.611 8 


0,610 3 


0,607 


0,604 9 


0,602 8 


0.601 9 


0,601 


0,63 


— 


_ 


_ 


— 


— 


0,612 


0,610 4 


0,607 


0,604 8 


0,602 6 


0,601 6 


0,600 6 


0,64 


— 


— 


— 


_ 


— 


0,612 2 


0.610 5 


0,606 9 


0,604 6 


0,602 3 


0,601 3 


0,600 3 


0,65 


— 


— 


— 


— 


— 


0,612 3 


0.610 5 


0,606 8 


0.604 4 


0,602 


0,600 9 


0,599 8 


0,66 


— 


— 


— 


— 


— 


0,612 3 


0,610 5 


0,606 6 


0,604 1 


0,601 5 


0,600 4 


0,599 2 


0,67 


— 


— 


— 


— 


— 


0,612 3 


0,610 4 


0,606 3 


0,603 7 


0,601 


0,599 8 


0,598 6 


0,68 


— 


— 


— 


— 


— 


0,612 2 


0,610 2 


0,606 


0,603 2 


0,600 4 


0,599 1 


0,597 9 


0,69 


— 


— 


— 


— 


— 


0,611 9 


0,609 9 


0,605 5 


0,602 6 


0,599 6 


0,598 3 


0,597 


0,70 


— 


— 


— 


— 


— 


0,611 6 


0,609 5 


0,604 9 


0,601 9 


0,598 8 


0,597 4 


0,596 


0,71 


— 


— 


— 


— 


— 


0,611 2 


0,609 


0,604 2 


0,601 


0.597 8 


0,596 3 


0,594 9 


0.72 


— 


— 


— 


— 


— 


0,610 7 


0,6084 


0,603 4 


0,600 1 


0.596 7 


0,595 1 


0,593 6 


0.73 


— 


— 


— 


— 


— 


0,610 


0,607 6 


0.602 4 


0.598 9 


0,595 4 


0,593 8 


0,592 2 


0,74 


— 


~ 


~ 


— 


— 


— 


0,606 7 


0,601 2 


0,597 6 


0,594 


0,592 3 


0,590 6 


0,75 


- 


_ 


— 


_ 


— 


— 


0,605 6 


0,599 9 


0,596 2 


0,692 3 


0,590 6 


0,588 8 


NOTE This table is give 


n for convenience. The v 


atues given are not intended for ptecise interpolation. Extrapotatioii is not pemitted . | 
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Table 18 Orifice Plate with Flange Tappings — Discharge Coefficient, C, 

for D = 1 000 mm 



Diam- 
















eter 
ratio 

/J 






Discharge coefficient, C, for Re^ equal to 




5x10^ 


1x10" 


2x10* 


3x10" 


5x10* 


7x10* 


1 xlO^ 


3x10* 


1 xlO® 


1 xlO' 


1x10« 


00 


0,10 


0,600 6 


0,599 


0,598 


0.597 6 


0,597 2 


0,597 


0,596 9 


0.596 6 


0.596 4 


0,596 3 


0.596 3 


0,596 3 


0,12 


0,601 3 


0,599 4 


0,598 3 


0,597 8 


0,597 4 


0,597 2 


0,597 


0,596 7 


0,696 6 


0,596 6 


0,596 4 


0,596 4 


0,14 


0,602 


0,599 9 


0,598 7 


0,598 1 


0,597 7 


0,597 4 


0,597 3 


0.596 9 


0,596 7 


0,596 6 


0,596 6 


0,596 6 


0,16 


0,602 8 


0,600 5 


0,599 


0,598 5 


0,598 


0.597 7 


0.597 5 


0.597 1 


0,596 9 


0,596 7 


0.596 7 


0,596 7 


0,18 


— 


0.601 


0,599 5 


0,598 8 


0,5983 


0,598 


0,597 7 


0.597 3 


0,597 1 


0.596 9 


0,596 9 


0,596 9 


0,20 


— 


0,601 6 


0,599 9 


0,599 2 


0,598 6 


0,598 3 


0,598 


0,597 5 


0,597 3 


0,597 1 


0,597 1 


0,597 1 


0,22 


— 


0,602 2 


0,600 4 


0,599 6 


0,599 


0,598 6 


0,598 4 


0,597 8 


0,597 5 


0,597 3 


0,597 3 


0,597 3 


0.24 


— 


0,602 9 


0.600 9 


0,600 1 


0,599 4 


0,999 


0.598 7 


0,598 1 


0,597 8 


0,597 6 


0,597 5 


0,597 5 


0,26 


~ 


— 


0.601 5 


0i600 6 


0,599 8 


0,599 4 


0.599 1 


0,5984 


0,598 1 


0,597 9 


0.597 8 


0,597 7 


0,28 


— 


— 


0.602 1 


0,601 2 


0,600 3 


0,599 9 


0.599 5 


0,598 8 


0,598 4 


0,598 1 


0,598 1 


0,598 


0,30 


— 


— 


0.602 7 


0,601 7 


0,600 8 


0,600 4 


0.600 


0,599 2 


0,598 8 


0,598 5 


0,598 3 


0,598 3 


0,32 


— 


— 


0.603 5 


0,602 4 


0,601-4 


0,600 9 


0.600 5 


0,599 6 


0,599 2 


0,598 8 


0,598 7 


0,598 6 


0.34 


— 


— 


0.604 3 


0,603 1 


0,602 


0,601 5 


0.601 


0,600 1 


0,599 6 


0,599 1 


0,599 


0,598 9 


0,36 


— 


— 


— 


0,603 8 


0,602 7 


0,602 1 


0,601 6 


0,600 6 


0,600 


0,599 5 


0,599 4 


0,599 2 


0,38 


— 


— 


— 


0,604 6 


0,603 4 


0,602 7 


0.602 2 


0,601 1 


0,600 5 


0.599 9 


0,599 7 


0,599 5 


0,40 


— 


— 


— 


0,605 5 


0,604 1 


0,603 4 


0,602 8 


0,601 6 


0,600 9 


0.6003 


0,600 1 


0,599 9 


0.42 


— 


— 


— 


0,606 4 


0,604 9 


0,604 2 


0,603 5 


0,602 2 


0,601 4 


0,600 7 


0,600 5 


0,600 2 


0,44 


— 


— 


— 


— 


0,605 8 


0,605 


0,604 3 


0,602 8 


0,601 9 


0,601 2 


0,600 9 


0,600 6 


0,46 


— 


— 


— 


— 


0,606 7 


0.605 8 


0,605 


0,603 4 


0,602 4 


0,601 6 


0,601 2 


0,600 9 


0,48 


— 


— 


— 


— 


0,607 6 


0.606 6 


0,6058 


0,604 


0,603 


0,602 


0.601 6 


0,601 2 


0,50 


— 


— 


— 


~ 


0,608 5 


0.607 5 


0.606 5 


0,604 6 


0,603 5 


0,602 4 


0.601 9 


0.601 5 


0,51 


— 


— 


— 


— 


0,609 


0.607 9 


0,606 9 


0,604 9 


0,603 7 


0,602 5 


0.602 


0.601 6 


0,52 


— 


„ 


__ 


— 


0,509 5 


0,608 3 


0,607 3 


0,605 2 


0,603 9 


0,602 7 


0.602 2 


0.601 7 


0,53 


— 


— 


— 


— 


0,609 9 


0.608 7 


0,607 7 


0,605 5 


0,604 1 


0,602 8 


0.602 3 


0.601 7 


0.54 


— 


— 


— 


— 


0,610 4 


0,609 1 


0,608 1 


0,605 8 


0,604 3 


0,603 


0,602 4 


0.601 8 


0,55 


— 


— 


— 


— 




0,609 6 


0,608 4 


0,606 


0.604 5 


0,603 1 


0,602 4 


0.601 8 


0,56 


— 


— 


— 


— 


— 


0,609 9 


0,608 8 


0,606 3 


0.604 7 


0,603 1 


0,602 5 


0,601 8 


0,57 


— 


— 


— 


— 


— 


0,610 3 


0,609 1 


0,606 5 


0.604 8 


0,603 2 


0,602 5 


0,601 8 


0,58 


— 


— 


— 


— 


— 


0,610 7 


0,609 4 


0.606 7 


0.604 9 


0,603 2 


0,602 4 


0,601 7 


0,59 


— 


— 


— 


— 


— 


0,611 


0,609 7 


0,606 8 


0.605 


0,603 2 


0,602 4 


0,601 6 


0,60 


~ 


— 


— 


— 


— 


0,611 3 


0,609 9 


0,606 9 


0,605 


0,603 1 


0,602 3 


0,601 5 


0,61 


— • 


— 


~ 


— 


— 


0,611 6 


0,610 2 


0,607 


0,605 


0,603 


0,602 1 


0,601 3 


0,62 


— 


— 


— 


— 


— 


0.611 9 


0,610 3 


0,607 1 


0.604 9 


0,602 9 


0,601 9 


0,601 


0,63 


— 


— 


„ 


~ 


— 


0,612 1 


0,610 5 


0,607 


0,604 8 


0,602 6 


0,601 6 


0,600 7 


0,64 


— 


— 


— 


— 


— 


0,612 2 


0;610 6 


0,607 


0,604 7 


0,602 3 


0.601 3 


0,600 3 


0,65 


— 


— 


— 


— 


— 


— 


0,610 6 


0.606 8 


0,604 4 


0,602 


0.600 9 


0,599 8 


0.66 


— 


— 


— 


— 


— 


— 


0,610 5 


0.606 6 


0,604 1 


0,601 6 


0.600 4 


0,599 3 


0,67 


— 


— 


— 


— 


— 


— 


0,610 4 


0.606 3 


0,603 7 


0,601 


0.599 8 


0,598 6 


0,68 


— 


— 


— 


— 


— 


— 


0,610 2 


0.606 


0,603 2 


0,600 4 


0.599 1 


0,597 9 


0,69 


— 


— 


— 


— 


— 


— 


0,609 9 


0.605 5 


0,602 6 


0.599 7 


0.598 3 


0,597 


0.70 


„ 


— 


— 


— 


— 


— 


0,609 5 


0.604 9 


0,601 9 


0,598 8 


0.597 4 


0,596 


0.71 


— 


— 


— 


— 


— 


— 


0,609 


0.604 2 


0,601 


0,597 8 


0.596 3 


0,594 9 


0,72 


— 


_. 


— 


— 


— 


— 


0,608 4 


0.603 3 


0,600 


0.596 7 


0.595 1 


0,5936 


0.73 


— 


— 


— 


— 


— 


-- 


0,607 6 


0,602 4 


0,598 9 


0,595 4 


0.593 8 


0,592 2 


0,74 


_ 


— 


— 


— 


— 


— 


0,606 6 


0,601 2 


0,597 6 


0,593 9 


0.592 2 


0,590 6 


0,75 


— 


— 


— 


— 


— 


— 


0,605 5 


0,599 9 


0,596 1 


0,592 3 


0.590 5 


0,588 7 


NOTE This table is give 


n for conven 


ience. The v 


alues given 


are not inten 


ded for precise interpolation. Extrapolation is not permitted. 
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Table 19 Orifice Plates — Expansibility (Expansion) Factor, e 



Diameter ratio 


Expansibility [expansion] factor, e, ^or pjp^ equal to 1 


P 


P' 


0,98 


0,96 1 


0,94 


0,92 


0,90 


0,85 


0,80 


0,75 










forx- 


= 1,2 










0.100 


0,000 1 


0,994 1 


0,988 3 


0,982 4 


0,976 4 


0,970 5 


0,955 5 


0,940 4 


0,925 2 


0,562 3 


0,100 


0,993 6 


0,987 1 


0,980 6 


0,974 1 


0,967 6 


0,951 1 


0,934 5 


0,917 7 


0,668 7 


0,200 


0,992 7 


0,985 3 


0,9779 


0,970 5 


0,963 1 


0,944 3 


0,925 4 


0,906 3 


0,740 1 


0.300 


0.991 5 


0,982 9 


0,974 3 


0,965 7 


0,957 


0,935 2 


0,913 2 


0,891 


0.750 


0,316 4 


0,991 2 


0,982 4 


0,973 6 


0,964 8 


0,955 9 


0,933 5 


0,910 9 


0,888 1 










for*- 


= 1,3 










0,100 


0,000 1 


0.994 6 


0,989 1 


0,983 7 


0,978 2 


0,972 7 


0,958 7 


0,944 6 


0,930 3 


0,562 3 


0,100 


0,994 


0,988 1 


0,982 1 


0,976 


0,970 


0,954 7 


0,939 1 


0,923 4 


0,6687 


0,200 


0,993 2 


0,986 4 


0,979 6 


0,972 7 


0,966 8 


0,948 4 


0,930 7 


0,912 8 


0,740 1 


0,300 


0,992 1 


0,984 2 


0,976 2 


0,968 2 


0,960 2 


0,939 9 


0,919 3 


0,898 5 


0.750 


0,316 4 


0,991 9 


0.983 8 


0,975 6 


0,967 4 


0,959 1 


0,938 3 


0,917 2 


0;895 8 










for K- 


= 1,4 










0,100 


0,000 1 


0,995 


0,989 9 


0,984 8 


0,979 7 


0,974 6 


0,961 5 


0,948 3 


0,934 8 


0,562 3 


0,100 


0,994 5 


0,988 9 


0,983 3 


0,977 7 


0,972 


0,957 7 


0,943 1 


0,928 3 


0,668 7 


0,200 


0,993 7 


0,987 4 


0,981 


0,974 6 


0,968 1 


0,951 8 


0,935 3 


0,918 4 


0,740 1 


0,300 


0,992 7 


0,985 3 


0,977 9 


0,970 4 


0,962 9 


0,943 9 


0,924 6 


0,905 


0,750 


0,316 4 


0,992 5 


0,984 9 


0,977 3 


0,969 6 


0,961 9 


0,942 4 


0,922 6 


0,902 5 










for x: 


= 1,66 










0,100 


0,000 1 


0,995 8 


0,991 5 


0,987 2 


0,982 8 


0.978 4 


0,967 3 


0,955 8 


0,944 1 


0,562 3 


0,100 


0.995 3 


0,990 6 


0,985 9 


0,981 1 


0,976 3 


0,964 


0,951 5 


0,938 6 


0,668 7 


0.200 


0,994 7 


0,989 3 


0,983 9 


0,978 5 


0,973 


0,959 


0,944 7 


0,930 1 


0,740 1 


0,300 


0,993 8 


0,987 6 


0,981 3 


0,974 9 


0,968 5 


0,952 3 


0,935 7 


0,918 6 


0,750 


0,316 4 


0.993 6 


0,987 2 


0,980 8 


0,974 3 


0,967 7 


0,951 


0,934 


0,916 4 


1 NOTE 


This table is gi 


venforconvenif 


snce. The value' 


3 given are not i 


ntended for pre 


;ise interpoiatior 


1. Extrapoiation 


is not permitted 





ANNEX B 

(Foreword and Clause 12.1) 

FLOW CONDITIONERS 



B-1 GENERAL 



This Annex describes some patented flow 
conditioners wliich can be used upstream of orifice 
plates and the requirements for straigfit lengths 
associated with them. It describes the Gallagher 
flow conditioner and NOVA's design of K-Lab 
perforated plate flow conditioner. It gives the 
situations in which the flow conditioners have 
passed the compliance test and can be used 
downstream of any upstream fitting. It is not 
intended that the inclusion of the flow conditioners 
described here should limit the use of other flow 



conditioner designs which have been tested and 
proved to provide sufficiently small shifts in 
discharge coefficient. These flow conditioners, 
available commercially, are given as examples of 
devices which have passed the compliance test. 
This information is given for the convenience of 
users and does not constitute an endorsement by 
the standard of this product. 

B-2 GALLAGHER FLOW CONDITIONER — 
COMPLIANCE TESTING 

B-2.1 The Gallagher flow conditioner shown 
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in Fig. 13 meets the compliance test given in this 
standard and can be used downstream of any 
fitting provided that it meets the required 
manufacturing specification (which shall be 
obtained from the patent holder) and is installed 
in accordance with B-2.3. 

B-2.2 The Gallagher flow conditioner is covered 
by an existing patent. It consists of an anti-swirl 
device, a settling chamber and lastly a profile 
device as shown in Fig. 14). 

The pressure loss coefficient, K, for the Gallagher 
flow conditioner depends on the manufacturing 
specification of the conditioner; it is approximately 
equal to 2, where K Is given by the following 
equation: 

where AP^ is the pressure loss across the 
Gallagher flow conditioner and vis the mean axial 
velocity of the fluid in the pipe. 

B-2.3 L,, the distance between the orifice plate 
and the nearest upstream fitting, is at least equal 
to 1 7D.The Gallagher flow conditioner is installed 
so that Lg, the distance between the downstream 
end of the Gallagher flow conditioner and the orifice 
plate, is such that 

5D<L,<L,-8D 

In this location, the Gallagher flow conditioner can 
be used for j3 < 0.67. 

If 0.67 < j8 < 0.75, the location of the Gallagher flow 
conditioner is more restricted, and L^ is equal to 

7D±D 



In this location, the Gallagher flow conditioner has 
satisfied in 7.4.1.7 of ISO 5167-1 for j3 = 0.75. 

The distance to a bend (or bend combination) or 
a tee is measured to the downstream end of the 
curved portion of the nearest (or only) bend or of 
the tee. The distance to a reducer or expander is 
measured to the downstream end of the curved 
or conical portion of the reducer or expander. 

The locations given in this clause are acceptable 
downstream of any fitting. A wider range of 
locations for the Gallagher flow conditioner is 
permissible if the range of upstream fittings is 
restricted or the overall length between the 
upstream fitting and the orifice plate is increased 
orthe diameter ratio of the orifice plate is reduced. 
These locations are not described here. 

B-3 NOVA'S DESIGN OF K-LAB PERFORATED 
PLATE FLOW CONDITIONER — COMPLIANCE 
TESTING 

B-3.1 NOVA'S design of K-Lab perforated plate 
flow conditioner, known as the K-Lab NOVA flow 
conditioner, shown in Fig. 1 5 meets the compliance 
test of this standard and can be used downstream 
of any fitting provided that it meets the 
manufacturing specification in.B-3.2 and B-3.3 and 
is installed in accordance with B-3.4. 

B-3.2 TheK-Lab NOVA flow conditioner consists 
of a piate with 25 bored holes arranged in a 
symmetrical circular pattern as shown in Fig. 1 5. 
The dimensions of the holes are a function of the 
pipe inside diameter, D, and depend on the pipe 
Reynolds number. The hole locations for Re^ > 10^ 
are given in B-3.3. 

The perforated plate thickness, f^ is such that 



1 .orr^ a 



0-125Dnom^ 





O-BDnorn 




- 


V t^-^fJ 




\ 


















a 










e 


















c 


d 








""t 





KEY 

1 — anti-swirl device 

2 — profile device 

B = Onom is the nominal pipe diameter 
b = length equal to diameter of raised face 
c = 3.2 mm for D,^ = 50 mm to 75 mm tube style 
6.4 mm for D,^ = 1 00 mm to 450 mm tube style 
1 2.7 mm for D,^ = 500 mm to 600 mm tube style 
12.7 mm for D,^ = 50 mm to 300 mm vane style 
17.1 mm for D,^ = 350 mm to 600 mm vane style 
of = 3.2 mm for Dnom = 50 mm to 75 mm 
6.4 mm for Dnom = 100 mm to 450 mm 
1 2.7 mm for D^^ = 500 mm to 600 mm 
e = direction of flow 



Fig. 13 Typical Arrangement of Gallagher Flow CoNDmoNEn 
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KEY 

1 — anti -swirl device-tube style option: 19-tube uniform 

concentric bundle (it may be pin-mounted) 

2 — anti-swirl device-vane style option: 8 vanes of length 

0.1 25D to 0.25D, concentric with the pipe (the device 
may be placed at the entrance to the meter run) 

3 — profile device: 3-8-16 pattern (see Note) 



NOTE — The 3-8-16 pattern for a profile device is: 

a) 3 holes on pitch circle diameter 0.15D to 0.155D; their 
diameter is such that the sum of their areas is 3 percent 
to 5 percent of the pipe area; 

b) 8 holes on pitch circle diameter 0.44D to 0.48D; their 
diameter is such that the sum of their areas Is ,1 9 percent 
to 21 percent of the pipe area; and 

c) 16 holes on pitch circle diameter 0.81 D to 0.85D; their 
diameter is such that the sum of their areas Is 25 percent 
to 29 percent of the pipe area. 



Fig. 14 Typical Components of Gallagher Flow Conditioner (Face Views) 



mrfffVi 



^ 




Fig. 15 The K-Lab Nova Flow Conditioner 
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0. 1 25D < fp < 0. 1 5D. The flange thickness depends 
on the application; the outer diameter and flange 
face surface depend on the flange type and the 
application. 

The pressure loss coefficient, K, for the K-Lab 
NOVA flow conditioner is approximately equal to 2, 
where K\s given by the following equation: 



K = 






where 



AP^ = pressure loss across the K-Lab NOVA 

flow conditioner; 
p = density of the fluid in the pipe; and 
V = mean axial velocity of the fluid in the pipe. 

B-3.3 Hole Locations 

B-3.3.1 Providedlhat Re^ - 8 x 105, there are: 

a) a central hole of diameter 0.186 29D 

± 0.000 77D, 
' b) a ring of 8 holes of diameter 0.1 63D 

± 0.000 77D on a pitch circle diameter of 

0.5D ± 0.5 mm, and 
c) a ring of 16 holes of diameter 0.120 3D 

± 0.000 77D on a pitch circle diameter of 

0.85D ± 0.5 mm. 

B-3.3.2 Provided that 8 x 105 > Re^ ~ 105, there 
are: 

a) a central hole of diameter 0.226 64D 
± 0.000 77D, 



b) a ring of 8 holes of diameter 0.163 09D 
± 0.000 77 D on a pitch circle diameter of 
0.5D±0.5mm, and 

c) a ring of 16 holes of diameter 0.124 22 D 
± 0.000 77Don a pitch circle diameter of 
0.85D ± 0.5 mm. 

B-3.4 L, the distance betweenihe orifice plate and 
the nearest upstream fitting, is at least equal to 
1 70. The K-Lab NOVA flow conditioner is installed 
so that Lg, the distance between the downstream 
end of the K-Lab NOVA flow conditioner and Ihe 
orifice plate, Is such that 

8.5D<L^^L,-7.5D 

The K-Lab NOVA flow conditioner can be used 
for^ <0.67. . 

The distance to a bend {or bend combination) or 
a tee is measured to the downstream end of the 
curved portion of the nearest (or only) bend or of 
the tee. The distance to a reducer or expander 
is measured to the downstream end of the 
curved or conical portion of the reducer or the 
expander. 

The locations given in this subclause are 
acceptable downstream of any fitting. A wider 
range of locations for the K-Lab NOVA flow 
conditioner is permissible if the range of upstream 
fittings is restricted or the overall length li>etween 
the upstream fitting and the orifice plate is 
increased orthe diameter ratio of the orifice plate 
is redu^ced. These locations are not described 
here. 
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